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The general purpose of this study was to formulate and conduct

an economic analysis of some issues associated with managing corn-

mercial salmonid resources in Oregon. Since the Fish Commission

of Oregon has the responsibility for managing these resources, it

provides the institutional framework for this study. Within this

framework, the following specific objectives were established:

1. To identify, in a predictive sense, an aggregate production

function for the hatchery operations of the Commission.

2. To identify implications of the statistically determined

function.

3. To theoretically relate hatchery production of salmonids

to the allocation of harvesting resources in salmonid fisheries.

4. To offer theoretical explanations for any escapement of

Redacted for Privacy



salmonids from the fishery in excess of the amount which is needed

to maintain saimonid populations at selected levels over time,

Data on hatchery operations were obtained for 1 5 major hatch-

eries operated by the Fish Commission during the time period from

the beginning of October in 1968 through April of 1970. Least-squares

multiple regression techniques were used to estimate linear and log-

linear hatchery production functions.

The equations which were estimated included a food variable

which was reasoned to be a proxy variable for the operating expenses

other than food expenditures and fixed facilities, The estimated equa-

tions also contained a variable which represented water temperatures

for May through October and a similar variable representing water

temperatures for November through April,

Estimation of the equations resulted in tentative acceptance of

hypotheses that the Commission combines inputs in fixed proportions

and realizes constant returns to size from its hatchery operations.

Results of estimation also indicated that water temperatures can ad-

versely affect hatchery output when they enter the upper and lower

portions of the observed temperature range, and that possibilities

exist for substituting water temperature control for the food variable,

Theoretical constructs used to examine effects of hatchery pro-

duction on allocations of harvesting resources to salmonid fisheries

indicated that, given open-access, excessive harvesting resources



can enter the fisheries as a result of hatchery production. Theo-

retical constructs also indicated that some regulatory policies which

are applied in salmonid fisheries can cause escapement of salmonids

from the commercial fisheries to be in excess of the amount needed

to maintain salmonid populations at selected levels.
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A PARTIAL ECONOMIC ANALYSIS OF HATCHERY
PROPAGATION AND COMMERCIAL HARVEST OF

SALMONID RESOURCES IN OREGON

I, INTRODUCTION AND SCOPE

Writers in the field of fishery economics have demonstrated

that a bio-economic equilibrium in a common.property fishery is not

likely to be attained which does not involve overexploitation of fish

populations and a social loss of resources, particularly if demand is

large relative to the reproductive capacity of the resource over time

Schaefer (25) coupled fishery population dynamics with economic con-

siderations to form a basis for fishery management while lending sup-

port to earlier conclusions formulated by Gordon (15, 16) and Scott

(26, 27) about overexploitation and the existence of excess capacity.

Crutchfield (8) indicated that economic inefficiency prevailed in most

Canadian and American fisheries, Christy and Scott (6) added impact

to the idea that in the absence of restraints on harvesting effort there

will be a tendency for an excessive amount of capital and labor to

enter a common-property fishery because any profit which exists

attracts additional effort.

Based on implications from demand levels for fishery output

on efficiency of resource exploitation, Bromley (2) reinforced conclu-

sions about the existence of inefficiencies in commercial fisheries

but took exception to management presc:riptions arising from the work
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done by Gordon (15, 16), Scott (26, 27), Schaefer (25), Crutchfield (8),

Crutchfield and Zeilner (12), Turvey (30), Christy and Scott (6), and

Smith (28).

Bromley continued the traditional analytical approach of attempt-

ing to provide a framework for consideration of practical, research-

able, management problems in fisheries, From this traditional ap-

proach and some acquaintance with salmonid fisheries in Oregon, it

can be recognized that policy problems found in Oregon salmonid fish-

eries include problems which are not found in most other fisheries'

Oregon salmonid populations are institutionally managed, an-

adromous fish populations which are dependent upon hatchery propa-

gation for their existence at present levels. Fish Commission of

Oregon expenditures for operating major salmonid hatcheries in

Oregon for the production period examined in this dissertation (Oc-

tober 1, 1968 through April 30, 1970) were about $1, 572, 000, exclud-

ing expenditures for central supervision of the entire hatchery pro-

gram and certain specialty operations0 The replacement value of

the hatcheries operated by the Fish Commission of Oregon is over

$10, 000, 000, During the production period examined, 1,957, 221

pounds of salmonids were produced at these facilities,

As a result of hatchery programs, commercial harvesting of

salmonids can be considered to be dependent to some extent on a

'Throughout this study salmonid resources will be defined to
be steelhead trout and the five species of Pacific salmon which are
found in Oregon.
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hatchery propagated resource. The extent of this dependence is un-.

known at the present time, Some runs of salmonids which are corn-

mercially exploited might be totally dependent on hatchery propagated

fish, while others might not be dependent on hatcheries to any great

extent. Worlund, Wahle, and Zimmer (32) found that hatchery propa-

gated fish comprised 10% of the 1961 brood of fall chinook salmon

which were commercially harvested in the fisheries sampled for re-

turns from a marking experiment conducted for Columbia River

hatcheries, Although these results cannot be generalized for all

brood year classes of all salmonid species, they do indicate that

commercial harvesting of 1961 brood year fall chinook was parti-

ally dependent on Oregon hatchery propagation.

These somewhat unique characteristics of managing Oregon

salmonids help identify a general research problem, which is to

formulate and conduct an economic analysis of at least some of the

problems arising from attempts to manage salmonid resources in

Oregon.

Converting the general research problem into a specific prob-

lem requires that specific objectives for the economic analysis be

identified, Since economic analysis is often centered around the

idea of achieving economic efficiency and, supposedly, assuring

the optimum use of resources, a brief discussion of economic effi-

ciency and optimum use is in order before specific objectives are



stated0

Economic Efficiency and Optimum Use

In relation to natural resource management, Crutchfield and

Pontecorvo state that:

The essential problem from the policy standpoint is
to avoid waste through faulty time distribution of use
of natural resources or through inefficient combina-
tions of their services with those of labor and capital,
and hence to maximize the present value of the stream
of net benefits that can be derived from them (11, p. 4)

In context, this statement of the policy problem is assumed to be iden-

tica]. to the problem of maximizing economic rent obtainable from

salmon fisheries. Maximum rent coincides with the specification of

economic efficiency in the absolute sense of maximizing net economic

returns and involves the implicit assumption that economic criteria

are the only relevant criteria for specifying a policy problem. When

the policy objective is stated as a provision of maximum rent from a

fishery, the positive role of an economic analyst becomes one of

stating conditions which will permit the objective to be realized.

Absolute economic efficiency from harvesting has been the usual

consideration of fishery economists.

In general, economic efficiency can be thought of as a ratio of

outputs to inputs, which need not imply absolute efficiency in the

sense used by Crutchfield and Pontecorvo. As Beattie pointed



out, economic efficiency can also be relative in the sense of specify-

ing tTthe degree to which an objective is attained (1, p. 23). The posi-

tive role of an economic analyst investigating economic efficiency

in the relative sense can be viewed as providing useful information

to decision-makers which will help them assess the degree to which

an objective has been met and, possibly, pointing out reasons why

absolute economic efficiency has not been attained.

Beattie (1) also points out that economic efficiency is most

meaningful when a level of aggregation and the objectives of that ag-

gregate are identified. In the case of Oregon salmonids, economic

efficiency can be viewed at various levels of aggregation, which

range from individual production units to management of the entire

system of commercial salmonid production In addition, various

aggregates can be identified according to types of activity, such as

propagation activities and harvesting activities0

Production aggregates engaged in propagation activities can

range from individual hatcheries to an aggregate which includes all

hatchery units. Similarly, harvesting units can be aggregated from

individual fishermen to all fishing units.

Since hatchery propagation and its relation to commercial harv-

est of Oregon salmonids is of primary interest in this dissertation,

major hatcheries operated to maintain commercial fishing will be

selected as the propagation aggregate to be examined. Commercial



fishing will be viewed as including commercial fishermen exploiting

Oregon salmonid resources during their in- migration to spawning

areas.

The Fish Commission of Oregon (known hereafter as the Corn-

mission) has the power and responsibility for propagating commercial

salmonids and regulating commercial salmonid harvest, Therefore,

the 15 major hatcheries operated by the Commission will be specified
2

as the propagation aggregate of interest.

The regulatory objective assumed for the Commission is to

provide maximum harvest on a sustained yield basis. Also, the

Commission is assumed to have the objective of producing any neces-

sary hatchery output at minimum cost. The objective assumed for

individual commercial fishermen is to maximize profit.

Specifying objectives in this way raises the issues of whether

the regulatory objective of the Commission is compatible with the

profit objective of fishermen, and, if not, which objective is domi-

nant. Once the dominant objective is identified, the issue becomes

whether the dominant objective leads to optimum use of salmonid

resources,

As pointed out in the first section, fishery economists have

established that fishery resources are usually overexploited and

2The map in the appendix indicates the locations of the major
hatcheries operated by the Commission.
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exploited inefficiently. In Figure 1, overexploitation is defined to

be consistent with conventional writings of fishery economists and

is shown as producing to the right of the point representing maximum

sustainable yield msy Point 0 in Figure 1 denotes a point of over-

exploitation.

msy

0

Ys

0 msy

Figure 1. Sustainable yield as a function of fishing effort.

Fishing
Effort

The economic inefficiency arising from a point such as point 0

in Figure 1, is represented by the opportunity cost of the amount of

fishing effort shown as FE° FE; the yield at point 0 (Y) can be

taken with either level of effort, If points like point 0 in Figure 1

are accepted as the usual case in open-access fisheries, of which

salmonid fisheries are a part, the objective of providing maximum



sustainable yield from a salmonid fishery is seen to be incompatible

with the profit maximization objective of fishermen when the conven-

tional assumption is made that the quest for profit by fishermen

leads to over exploitation.

At the present time in Oregon sairnonid fisheries, the regu-

latory objective of the Commission dominates the objective of corn-.

mercial fishermen with respect to the level of resource exploitation.

Dominance is obtained by the Commission from the legislation which

empowers it to regulate commercial harvest,

The issue is, then, whether the objectives enforced by the Corn-

mission lead to an optimum use of salmonid resources.

Castle says that:

Anoptimum maybe defined as a state of affairs that re-
sults in the most favorable degree, condition, or amount
of some desirable magnitude, property, or attribute (5,
p. 285).

Castle goes on to state that:

The definition, as such, says nothing about what the desir-
able 'trnagnitude, property, or attribute?! might be, Nor
does it suggest how these are to be specified of achieved...
There is value in defining an optimum within the limits of a
particular intellectual discipline and using it to identify ten-
dencies or deviations. It is quite another matter to use it
as a normative concept to guide the affairs of man as he
manages his natural resources (5, p. 285-286),

From the viewpoint presented by Castle, identifying the regu-

latory objectives of the Commission to represent an optimum use of

salmonid resources would indicate agreement with existing



institutional policy, whereas defining the policy objective in a fishery

to be provision of maximum rent from the fishery, as was done in

the reference to Crutchfield and Pontecorvo cited at the beginning of

this section, would represent defining the optimum within a particular

discipline. The following statement can be generalized to include

Commission objectives and reflect the idea that neither definition is

complete, since each is defined in a limited way.

The concept of an economic optimum rests on an implicit
value judgement that cannot be verified by examining the
evidence; the evidence indicates that the value judgement
is incomplete and does not encompass all of the relevant
values on which men base their actions (5, p. 287).

Since an optimum use of salmonid resources can be considered

as changing according to the objectives of different interests, no opti-

mum will be defined in this dissertation, Instead, economic analysis

will be conducted, given the objectives of the Commission; an attempt

will be made to provide economic information within the confines of

a given institutional framework, Consequently, this analysis will

be a partial analysis in the sense of being less than Utopian, because

any analysis which assumes institutions to be constant is partial in

this sense (5, p. 288), However, the reality of existing institutions

gives rise to economic relationships which can be important as long

as the institutions do exist; these are the relationships of interest

here.
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Objectives

The usual means of assessing relative economic efficiency for

hatchery propagation programs is the use of benefit-cost analysis

based on Senate Document 97 (31). Consistency with Senate Document

97 requires that associated costs, which are costs necessary to make

the product produced from a project available on the market, be in-

cluded in the analysis. There is, however, a lack of empirical in-

formation on the behavior and magnitude of associated costs for var-

ious levels of hatchery output.

Also, there is ambigi4ty in the theoretical literature concern-

ing associated costs, Richards (23) indicated that benefit-cost com-

putations which are consistent with Senate Document 97 and existing

regulations will always indicate net benefits from fish population en-

hancement programs to be zero. The conclusion reached by Richards

is indirectly consistent with most conclusions drawn from the usual

common-property models, If total costs of harvesting salmonids

equal total revenue from their sale, as most common-property mod-

els indicate, benefit-cost analyses which ignore changes in harvesting

costs due to regulatory action or hatchery propagated changes in

stocks and flows of salmonids would be unable to provide accurate

economic information, However, implicit in conventional conc lu-

sions drawn from these same models is the notion that, in a given



11

short-run period, fishery output can be expanded with practically

negligible increases in associated costs due to the existence of ex-

cess capacity.

To the paucity of empirical information and the existence of

some degree of theoretical ambiguity concerning associated costs

can be added the fact that benefit-cost analyses are usually construct-

ed in a manner which excludes explicit consideration of economic

efficiency at a level of aggregation which would correspond to the

level of interest here, The information which is sought in this analy-

sis can, however, be useful in benefit-cost analyses, since economic

analysis based on an output response function can provide information

on the relative efficiency of hatchery propagation and, also, provide

indications of cost behavior over observed output ranges.

Therefore, two objectives of this dissertation are to logically

and statistically relate output response to input combinations and

levels of input usage for the major hatcheries operated by the Corn-

mission and to identify implications of the statistically determined

output response function.

A third objective is based on the notion that the success of

hatchery propagation for supplementing natural production affects

productivity in salmonid fisheries, and, hence, the supply curves,

which in conjunction with demand for fishery output affects, in turn,

the allocation of harvesting resources to salmonid fisheries, The
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third objective is, then, to theoretically relate the relative physical

efficiency of hatchery production as compared to natural production

to allocation of harvesting resources,

The fourth objective is to try to explain any escapement of

salmonids from the fishery in excess of the amount needed to main-

tam salmonid populations at the level selected by the Commission by

applying simple economic theory to the harvesting of salmonids.

This objective arises from the actual observation that an excess

number of coho salmon and steelhead are obtained at hatcheries oper-.

ated by the Commission.

Organization

Chapter II will include a discussion of general information

relevant to management of saimonid resources, Chapter III will

contain brief statements concerning basic theoretical concepts neces-

sary for empirical analysis of hatchery propagation, as well as a

discussion of empirical procedures for obtaining information about

the concepts, Also, empirical results will be analyzed,

The third and fourth objectives will be considered in Chapter

IV by applying concepts from basis economic theory. Chapter V

will be a summary and will include any implications which become

apparent in the preceding chapters,
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Methodology

This dissertation is directed toward two audiences, which in-

dude those persons who must judge it on the basis of its educational

relevance and those who might make use of it in a decision-making

context related to fishery management. The existence of more than

one audience presents the challenge of writing the text in a manner

which is acceptable to each. It is hoped that the expectations of both

of these groups can be fulfilled.

To achieve the first two objectives outlined, hatchery propaga-

tion activities of the Commission will be analyzed using cross-section-

al data from major hatcheries. The reason underlying selection of

cross-sectional data is to obtain observations which are free from

technological change over time. Since the Commission regulates

commercial fishing and operates salmonid hatcheries in Oregon, it

was the logical choice as a data source, and, in addition, data ob-

tamed should be relatively homogeneous with respect to management

practices. Since management will be excluded from explicit consid-

eration in the estimation, it must be assumed to vary randomly or

to be uniform over the observations to reasonably dismiss the prob-

lems associated with its effects on observations. By using data from

a single agency, the latter assumption is somewhat justified.

The philosophy underlying the methodology used in this
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dissertation can be summarized in the following quote from Sir Karl

Popper

Every solution to a problem raises new unsolved prob-
lems; the more so the deeper the original problem and
the bolder its solution. The more we learn about the
world, and the deeper our learning, the more consci-
ous, specific, and articulate will be our knowledge of
what we do not know, our knowledge of our ignorance -
the fact that our knowledge can only be finite, while our
ignorance must necessarily be infinite (ZZ, p. 28).

The methodology is partially consistent with Castle (5) in an

attempt to determine 'what is' and "what will be"° The approach

taken might be viewed as a diluted form of positivism and akin to the

operationali st viewpoint, because empirical and theoretical analyses

will be done so that they can be made the subject of an empirical test

which would refute them, at least indirectly.

The theoretical construct of a production function underlies the

idea of a statistical output response function and is in the realm of

metaphysics, since it is based on logic rather than empirical obser-

vation. The work of Heady and Dillon (17), in which many of the

problems of attempting to empiricize agricultural production func-

tions are identified, represents much of the writing on this type of

effort. Based on their work, the expectation is formed that the out-

put response function to be estimated here will not completely con-

form to the theoretical production function for hatchery propagation.

However, hypotheses might be derived from any results obtained
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which could be subjected to tests which could result in either reject-

ing these results or giving them a stronger basis for tentative accep

tance. The primary objectives of this dissertation do not require that

these tests be performed at this time,

The process by which any empirical or theoretical results pre-

sented in this dissertation might be falsified can be logically illus-

trated as follows:

Premise Statement
Number Number Justification

[(1)] (1) T- (x)Fx Premise (hypothesis derived

from this dissertation)

[(2)] (2) (3s) - Fx Premise (observation of

reality)

[(1)] (3) (x)Fx T Theorem of logic

[(2)] (4) -(x)Fx Quantifier exchange

[(12)] (5) -T Modus Ponens

The process of falsification can be explained by putting the

statements from the logical illustration into words in respective

order:

1) Some result or statement made in this dissertation, T, is the

basis for the hypothesis that says for every x, Fx is a true

5 tatement.

2) An observation of reality says that there exists an x for which



Fx is not a true statement.

3) Byatheorem of logic, statement (1) is equivalent to statement

(3), and says that for not all x is Fx a true statement, which

implies that the result or statement from which the hypothesis

was derived is false.

4) Statement (4) is the same as statement (2) by quantifier ex-

change, and both imply that an observation of reality reveals

that for not all x is Fx a true statement.

5) Based on premises [(1, 2)], the conclusion can be drawn that the

result or statement from which the hypothesis was constructed

is false.

The relevance of this dissertation is mainly in the realm of

educational considerations and is an attempt to satisfy a basic urge

to understand an econometric analysis of the theoretical construct

of a production function and the construction of theory relating to

fishery management. Scientific relevance of this initial effort can

only be established by rigorous testing of hypotheses derived from

this work, which is the only means by which the certainty of its con-

tribution to the totality of knowledge available to mankind can be

established. However, lack of refutation does not preclude the pos-

sibility that this work may increase the information and understanding

available to some of mankind, and in that sense be useful.

Whether the acceptability of this dissertation for educational
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purposes will be judged on scientific relevance, usefulness, or on

other criteria, is unknown at this time0 But surely, the process of

determining acceptability will constitute, expost, a separate learn-

ing experience.
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II, SALMONID RESOURCES OF OREGON

Characteristics of Salmonids

The anadromous nature of Pacific salmon and steelhead trout

and their reliance on hatchery propagation, which are characteristics

distinguishing these salmonids from most other fish species, are

incorporated into Figure 2. Figure 2 represents the life cycle of a

brood of salmonids and includes hatchery propagation. Anadromous

fish are spawned in fresh water but migrate to the sea to spend part

of their lives before returning to fresh water to spawn. In Figure 2,

an in-migration of spawning stock (SS) is given. Some of the return-

ing stock return to hatchery propagation facilities (H) and some re-

turn to natural spawning grounds (N). After hatching and spending

some period of time in rearing facilities or in the area of their birth,

the new recruits (T) begin an out-migration to the sea, Many of the

new recruits suffer natural mortality during out-migration and many

others die at sea. However, after spending some time at sea, re-

maining salmonids join an in-migration to fresh water. The number

of salmonids entering fresh water and surviving to reach spawning

areas constitute the spawning stock for another cycle. All of the

surviving members of an out-migration will eventually (usually with-

in two to five years) become part of a spawning stock.
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Figure 2. Life cycle of salrnoni&.
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Throughout the remainder of this work, in-migration will be

examined as if it is not subject to any further natural mortality. The

same results could be obtained by adjusting the amount of in-migration

to allow specific levels of natural mortality.

Figure 2 is a vast over-simplification for regulating the life

cycle of salmonids, because, in actuality, an in-migration of salmon-

ids at any point in time can be composed of fish of various species,

fish from various streams of origin, and fish of various ages, as

well as fish propagated in hatcheries and fish spawned on natural

spawning grounds. In other words, an in-migration of salmonids

from the sea will include fish of many species and ages bound for

many fresh water destinations.

Therefore, it is possible to view an in-migration of salmonids

in the following ways:

A, As a whole, in terms of numbers of individuals or the biomass

of the individuals.

B. The number or biomass of all individuals of a particular species.

C. The number or biomass of all individuals of a particular species

of a particular brood year.

The reasons for the varied age composition of salmonids re-
turning to fresh water are that various species spend different
amounts of time at sea, and the fish of a single species do not all
return to spawn at the same age, with the exception of pink salmon.
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D. The number or biomass of all individuals of a particular spe-

cies and brood year from a particular fresh water origin.

For simplicity, in-migration will be designated as the number of mdi-

viduals or biomass of that number, whichever is of interest, which

comprise the in-migration in the time period being examined.

Salmonid Species

Five species of Pacific salmon, which are all of the genus

Oncorhynchus, are found in Oregon waters, which are:

A. Oncorhynchus tshawytscha: commonly known as chinook or

king salmon.

B. Oncorhynchus kisutch: known also as coho or silver salmon,

C. Oncorhynchus keta known mainly as chum salmon,

D. Oncorhynchus nerka: also called sockeye salmon,

E. Oncorhynchus gorbuscha: also known as humpback salmon,

The Commission usually propagates chinook, coho, and chum

salmon as well as sea-run rainbow trout, which are known as steel-

head.

Fall chinook and spring chinook salmon are propated in Com-

mission facilities as are winter steelhead and summer steelhead,

Therefore, the Commission propagates six species on a regular

basis. Sockeye salmon have been propagated by the Commission,

as was the case in 1967.



The shaded areas of Figure 3 show the fish of various species

and brood year classes propagated during the time period selected

for the empirical work herein, The reason for selecting this period

will be discussed in the next chapter0

The Propagation Process

Salmonids returning to fresh water to spawn enter the hatchery

propagation process when they enter the holding ponds at propagation

facilities While the fish are in the holding ponds, they are classi-

fied according to sex and readiness for spawning0 The fish which

are ripe' (ready to spawn) are separated from those which are

hgreenu (not ready for immediate spawning).

Any excess of fish over the number needed for the hatchery

egg take are disposed of by various means, along with the carcas-

ses of spawned fish, Most of the 'iack' salmonids, which are salmon-

ids reaching maturity abnormally early, are sold, since they are not

usually used for spawning purposes. Tables 1A and ZA in the appen-

dix indicate the disposition of adult salmonids returning to Commis-

sion hatcheries in 1968 and 1969, respectively04

When females are ready for spawning, they are killed and their

4Courtesy of the Fish Commission of Oregon0



Figure 3, Brood year classification of species propagated from the beginning of October, 1968 through April, 1970.
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eggs are taken, Table 3A in the appendix shows the egg take at

Commission hatcheries from July 1, 1967 to June 30, 1969 6 After

fertilization by the "milt" (sperm) from the males, the eggs are usu-

ally rinsed and allowed to set" for about one month during the "ten-

der stage" of their development0 Handling during the tender stage

can result in killing the eggs. When the eggs are "eyed', they are

not so delicate and shipment or transfer of eggs can take place with

minimum danger of damage0

The time needed for eggs to become eyed depends mainly upon

cumulative temperature units, Each degree of daily, average, Wa-

ter temperature over 32 F0 is considered to be one temperature

unit. As an example, coho eggs usually become eyed at 300 to 400

cumulative temperature units,

The next step in the process is the placement of the eggs which

will be hatched into wire baskets, The baskets are then placed into

hatching troughs where they remain until they are hatched and the

egg sac is consumed by the "swim-up" fry0 The hatching period is

also dependent upon cumulative temperature units of the water, Coho

5There is some controversy over this practice since it is not
absolutely necessary to kill the spawner s, Eggs can be taken from
live fish by "hand stripping" or by blowing air through the body of
the fish, However, the Commission believes that the quality and
quantity of eggs are enhanced by killing the fish prior to taking the
eggs0 Salmon would die anyway, but steelhead might survive to
spawn several times,

6Courtesy of the Fish Commission of Oregon.



eggs, for example, will hatch in a range between 600 and 700 cumu-

lative temperature units0

The swim-up fry are either liberatec4 in conjunction with pre-

determined objectives of the Commission or are ponded as finger-

lingsl to be fed and reared in the ponds or lakes at Commission fa-

cilities0

The Commission utilizes a protein mash fortified with vitamins

as food during the early stages of growth. As growth progresses,

pelleted food of similar content is used with pellet size increasing

as fish grow0 As the number of fish per pound decreases to a pre-

determined size, frequency of feeding decreases from approximately

twice per hour when ponded to perhaps once every other day when the

fish approach the size at which they will be released0 The actual feed-

ing schedule depends, however, upon species and water conditions0

Artificial propagation of fish may increase the frequency and

severity of disease in the fish over that expected in a natural state

due to the close contact of fish in the rearing ponds. Diseases are

treated by incorporating drugs into the food for internal diseases and

by chemical baths for external diseases and parasites0

From this brief description of the hatchery propagation process

carried on by the Commission, the following classes of variables can

be isolated:

Class 1 Variables related to taking, fertilization, and
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disposition of eggs0

Class 2 Variables related to hatching and disposition of

swim-up fry0

Class 3, Variables related to rearing fingerlings for some

period of time and releasing them,

This classification of variables is common to all species propa-

gated by the Commission, and they form a causal chain which results

in the biological inputs into rearing operations being predetermined,

The variables in the first class influence production until the

eyed eggs either enter the hatching operations or are used for other

purposes, The variables in the second class influence production of

swim-up fry until they are either released or enter the rearing phase

of production as fingerlings, The variables in the third class are the

variables determining output from the rearing operations0

Portions of hatchery output which can be measured in terms

of biomass (weight) are the swim-up fry which are released, and

the releases of fish which have been reared for some period of

time,
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III, A PRODUCTION FUNCTION ANALYSIS OF
HATCHERY PROPAGATION OF SALMONIDS

Salmonids are propagated on a continuous basis in hatcheries

operated by the Commission, Although an individual hatchery may

not be actively engaged during part of a year in propagating the spe-

cies raised in that partic:ular hatchery, propagation activities can be

considered to be continuous over the system of hatcheries operated

by the Commission. Therefore, some time period must be selected

to constitute the production period over which data can be collected

for an empirical analysis.

The production period selected for the analysis contained in this

chapter covers the time period from the beginning of October in 1968

until the end of April in 1970, which is a period of 19 months0 The

reason for selecting this time period as the production period is to

allow the propagation process to be completed for at least one brood

year for each species of interest, All of the empirical analysis which

follows in this chapter was based on data from 1 5 hatcheries operated

by the Commission for the production period selected.

The statistical models used in the following sections are linear

IpredictiveM models rather than 'functional' or "control" models,

which are distinctions made by Draper and Smith.7

7This discussion of different types of models is primarily direct-
ed to those persons who are accustomed to dealing with the determina-
tion and use of models which are thought to be of the functional type0



If the true functional relationship between a response and
the independent variables in a problem is known, then the
experimenter is in an excellent position to be able to under-
stand, control, and predict the response. However, there
are few situations in practice in which such models can be
determined.. . . Even if it is known completely, the func-
tional model is not always suitable for controlling a re-
sponse variable, . . . (and) a model which contains vari-
ables under the control of the experimenter is essential
for control of a response.. (14, p. 234-235).

Draper and Smith continue their reasoning for selecting a pre-

dictive model by stating that:

When the functional model is very complex and when the
ability to obtain independent estimates of the effects of
the control variables IE limited, one can often obtain a lin-
ear predictive model which, though it may be in some
senses unrealistic, at least reproduces the main features
of the behavior of the response under study. These pre-
dictive models are very useful and under certain conditions
can lead to real insight into the process or problem (14, p.
235),

Draper and Smith then make the following value judgement:

The predictive model is not necessarily functional and
need not be useful for control purposes. This, of course,
does not make it useless, contrary to the opinion of some
scientists, If nothing else, it can and does provide guide-
lines for further experimentation, it pinpoints important
variables, and it is a very useful variable screening de-
vice (14, p. 235).

A corresponding judgement is made here because the functional form

of the relationship sought is, in fact, not known. Furthermore,

some variables which are thought to be important on ana priori

basis, such as water quantity and water temperature, are not con-

trolled by the Commission to any great extent. An exploratory
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analysis based on predictive models, however, might provide infor-

mation on the functional form of the relationship sought and indicate

the importance of some of the uncontrolled variables0

Input-Output Relationships

Specification of Variables

In general, a production function is a means of depicting the

quantitative relationship between productive inputs and resulting out-

put when both are measured in physical terms0 The concept of a phys-

ical production function underlies most of traditional economic analy-
.8

51 S0

The theoretical concept of a production function can be denoted

in general form as Q = f(x.), where Q represents output, x denotes

relevant inputs, and i 1, n, thereby including all inputs op-

erating in the process0 Some inputs might be fixed during a pro-

duction period while other inputs are variable. In such a case, the

general form of the production function can be written as

Q f(x1, ., X. 00 0 x), where Q represents output,

, x, represent variable inputs, and x,1 x denote,0,n
the inputs which are fixed; the vertical line is read as given0

8In actual practice, however, production functions are often
estimated from data on monetary value of physical inputs. This is
usually the case when a statistical need arises for a common unit of
measure, such as dollars, which can be used to aggregate various
inputs.
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Heady and Dillon (17) indicate that it is usually impossible to

specify all relevant variables in a production process, and that pro

duction models which are theoretically desirable must be often com

promised to achieve empirical feasibility in the sense of being con-

sistent with available data and being statistically manageable.

In the formative stage of this study, 22 factors were identified

as possibly influencing the output from hatcheries. The 22 factors

were categorized as being variable or fixed, and each of these cate-

gories was divided into groups of factors which were controlled or

uncontrolled After considering the relationships between the groups

of factors, relationships between individual factors within groups,

and possible data sources, seven factors were identified as crucial

independent variables operating in the hatchery production process.

The rationale for selecting the seven variables was to synthesize

computational feasibility with the biological logic underlying the

hatchery production process The production function was thus spe-

cified as follows:

E 1) Q f(x1, x2, x3, x4, x5, x6, x7),

where Q pounds of salmonid output (releases of swim-up

fry and fish which were fed during the period)

pounds of food fed

operating expenditures, excluding food
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x3 = average cumulative temperature units of water

source during the period from May through

October

x4 = average cumulative temperature units of water

source during the period from November through

.9April

x5 cubic feet of rearing space used during the period

from May through October

x6 = cubic feet of rearing space used during the period

from November through April

= fixed facilities in dollars, excluding rearing space

Historically, water flows for hatchery propagation in Oregon

have been critically low during a period beginning, sometimes, in

May and lasting through October, July, August, and September are

usually the most critical months. The result of low water flows has

been an inability to fully utilize rearing facilities during the critical

period0

Data on the amount of water actually used for propagation are

not available but inadequate water flows are reflected in cubic feet of

9The data which were used for constructing the averages for
cumulative temperature units was known to be available from the
Commission over eight years of average monthly water temperatures.
Average cumulative temperature units were obtained by subtracting
32 ° F0 from an average monthly water temperature, multiplying the
remainder by the number of days in each month, and summing the
products over the particular period0
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rearing space used Normal water flow through those ponds being

used is maintained during periods of low water flow, but the number

of ponds and, hence, the number of cubic feet of rearing space actu-

ally used, is reduced. However, if the Commission combines usable

rearing pond space in fixed proportions with numbers of fish of cer-

tam sizes, the food variable could reflect the effects of fluctuating

water flows over the production period.

Therefore, since the Commission probably anticipates water

flows when planning production, a high correlation was expected be-

tween food fed and rearing space actually used Due to problems of

statistical multicollinearity which might arise from the suspected

correlation, food and rearing space variables would probably have

to be combined or one variable selected to act as a proxy for the

others

Water temperature can be critical during periods of relatively

cold weather and during periods of relatively hot weather, There-

fore, a variable (x4) is included to reflect the possible effects of

cold periods, when water quality decreases with lower temperatures.

Another variable (x3) is included to reflect possible effects of the

upper range of water temperatures, when water quality is inversely

related to water temperature.
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Specification of Functional Form

A priori, the functional form of the input-output relationship

is not known. Given limited research resources, it seems desirable

to select an algebraic form which would allow 1) estimates of con-

tributions to total output from changes in each input (the elasticity

of production on a percentage basis and marginal productivity on a

per-unit basis) and 2) changes in output from changes in all inputs

(returns to size). One function which might fulfill these criteria is

the following:

B B B3 B4 B5 B6 B7E, 2) Q = B x lx 2x x4 x5 x6 x7 e,ol 2 3

where Q and x (i1, ., 7) are the same as in equation E, 1,

B is a constant, B (j=i=l, ..., 7) are coefficients mdi-

cating percentage contributions to output from percen-

tage changes in the input variables, and e is an error

term necessary to reflect omissions of variables when

specifying the function.

Equations of the form of the second equation have been used

widely in economics and are usually referred to as Cobb-Douglas

functions, since the function was developed in 1928 by Charles W.

Cobb, a mathematician, and Paul H. Douglas, an economist (13),

The Cobb-Douglas function is non-linear, but can be converted to
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a linear equation in logarithmic form, A principal advantage arising

from the use of a power function of the Cobb-Douglas type is that

degrees of freedom are sparingly used in estimating needed statis-

tics.

When the Cobb-Douglas type of equation is converted to logarith-

mic form to permit estimation using least-squares statistical tech-

niques, the estimated parameters can be biased estimates of the

parameters in the original form of the equation. This makes signifi-

cance tests of estimated parameters difficult to interpret for the or-

iginal equation. The validity of any conclusion reached on the basis

of estimation in logarithmic form will depend on the direction and

magnitude of bias introduced by changing the form of the equation.

However, the Cobb-Douglas function has been used extensively by

economists as an approximation to the functional form of many rela-

tionships and will be retained here.

Additional bias can be introduced by failing to adequately spe

cify all those inputs which significantly affect production. The proper-

ties of this specification bias are practically impossible to assess for

any functional form. As Brown indicates:

. there seems, unfortunately, to be very little that can
be deduced in general about the magnitude, or even the
direction, of bias of a particular regression coefficient
when one or more unknown but significant variables are
omitted (3, p. 4),
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A linear function was used as an alternative form to provide

a comparison for results of estimation using the Cobb-Douglas power

function, but was not expected to eliminate specification bias, Esti-

mated coefficients in the linear equation can be interpreted as mar-

ginal productivities, or the change in output resulting from a one

unit change in input.

Constant Returns" and "Fixed Proportions' Hypotheses

From discussions with hatchery personnel during visits to sev-

eral hatcheries, hypotheses were formulated that the Commission

combines inputs in fixed proportions and realizes constant returns

to size from its hatchery operations0 The observation was made

during these visits that hatchery practices were very similar due

to the influence of centralized supervision over all hatcheries in the

system0 This centralized supervision seemed to result in all inputs

being combined in about the same proportions at each hatchery0 Lev-

els of input usage and output from larger hatcheries seemed to be

constant multiples of those found at smaller hatcheries, One explana-

tion for this might be that there exists an ability to achieve input divi-

sibility through centralized management such that hatchery practices

and input combinations which are judged to be successful can be em-

ployed at all hatcheries0

Another observation obtained from the site visits was that
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controllable inputs were combined with critical uncontrolled inputs in

a way such that maximum average product from each hatchery with

respect to the fixed proportion input was thought to be obtained. If

this observation was correct, if inputs were relatively divisible, and

if inputs were actually being combined in the same fixed proportions,

a plot of points representing output obtained from hatcheries of differ-

ent sizes against a proxy variable representing the fixed proportion

inputs should indicate a straight-dine relationship. Since such a

straight-line relationship would actually represent a simplified pro-

duction function exhibiting constant returns to size, the hypothesis

was advanced that constant returns would be observed.

In the case of the log-linear Cobb-Douglas function, constant

returns to size would be indicated if estimated coefficients summed

to one. With a power function of the Cobb-Douglas type, the sum of

coefficients can indicate whether the percentage change in output is

greater than (increasing returns), equal to (constant returns), or less

than (decreasing returns) percentage changes in all input quantities

depending on whether their sum is greater than, equal to, or less than

one, respectively, Interpretation of the sum of coefficients is diffi-

cult if some coefficients are positive numbers and some are negative

numbers. A negative coefficient on an input variable would indicate

that production could be increased by reducing the quantity of the

input being used. However, a negative coefficient is not frequently
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anticipated in economic analysis since the inputs usually considered

are controllable and are expected to add to production rather than

decrease production. Uncontrollable inputs are customarily as-

signed to an error term0

The temperature variables of interest here were uncontrolled

and the coefficient on the warm water temperature variable was

hypothesized to be negative; therefore difficulty was anticipated with

respect to interpretation of that coefficient in the Cobb-Douglas model,

A negative coefficient would indicate that the elasticity of production

for that input is negative over the entire input-output surface, which

implies that marginal productivity of that input is negative. 10 This

implication is unreasonable for the entire surface being considered,

but can be reasonable for small changes in inputs away from their

observed means. This functional limitation was not thought to be

inappropriate because estimated coefficients on temperature van-

ables must be interpreted carefully due to temperature tolerances

for salmonids. The upper incipient lethal temperature, where 50%

of a group of Pacific salmon will die over time, seems to be about

77 ° F. The lower incipient lethal temperature is, however, not

10 -The elasticity of production is defined as 8Q/F3x1' x/Q. For
the Cobb-Douglas model, eQ/ax1' j/Q = B. and is constant over the
entire input-output surface, Since .j/c win always be non-negative,
a negative coefficient (-B.) implies that marginal productivity (eQ/ax.)
is negative over the entire surface.



clearly defined since freezing occurs before it is reached, Also,

salmonids may not feed properly when water temperatures approach

tolerance limits, Feeding for growth might cease, for instance, at

a temperature of 3Z F. or 34 F,, or at some other temperature at

the higher end of the scale. 11

Therefore, it was decided that the Cobb-Douglas model would

not be discarded but would be interpreted for small input changes

only, with a caution for others to do likewise, The decision was also

made not to interpret the Cobb-Douglas model with respect to returns

to size since the coefficient on the warm water temperature variable

was expected to be negative,

Since a linear model can indicate returns to size, another rea-

son arose for selecting a linear alternative to the log-linear Cobb-

Douglas model, A nonsignificant constant term in the linear model

would provide an indication of constant returns. Again it should

be noted, however, that attempting to interpret the coefficients

on the linear model outside of the range covered by observation

general, feeding schedules are adjusted in direct rela-
tion to temperature changes, However, hatchery feeding practices
are sometimes altered during particularly warm periods so that
feeding can take place during early morning or early evening rather
than the warmer hours of a day, since the fish usually will not eat
when the water becomes too warm,
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can be misleading since the linear model implies that the coefficients

on the inputs (marginal productivities) are constant over the entire

input-output surface.

The issue then arose whether data should be collected on the

seven variables already identified, or whether data on a single con-

trollable input which would represent the others would be sufficient.

This issue was resolved by deciding to collect data on all seven van-

ables to permit screening of the variables by examination of their

statistical interrelationships. It was hoped that examination of the

cor relations between variables would provide additional information

on the proportionality hypothesis.

Estimation of the Output Response Function

When data were collected on which to base estimation of the

chosen function, separate data on rearing space were not available in

usable form. Therefore, the decision was made to collect data on all

fixed facilities, including rearing space, in terms of replacement

value and to examine its correlation with data collected for other

variables, The model was then reduced to five independent variables.

Because of the hypothesis about fixed input proportions over the

observations, the criterion was established to delete from the pre-

dictive equation those variables which, upon examination, turned out

to be highly correlated with the food variable. A high correlation was
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considered to be approximately 0. 8 or greater, The food variable was

selected to act as the proxy variable, if necessary, since it seemed

to be the most important variable which could be measured in physi-

cal units. Statistically, little loss was expected from the deletion

of variables since high intercorrelations and resulting statistical

problems would probably produce nonsignificant coefficients.

The partial correlation coefficients for the models containing

the five remaining independent variables were obtained by running a

stepwise regression on the following equations:

E. 3) log Q = log B + B1 log x1 + B2 log x2 + B3 log x3 + B4 log x4

+ B5 log x5 + log e

E. 4) Q = B + B x + B2x2 + B3x3 + B4x4 + B5x5 + e
0 11

Q, B (i=0,l,...,5), x (i=l,...,4), and e are defined in the same

manner as in the second equation (E. 2). However, x5 now repre-.

sents the value of all fixed facilities, including rearing space, in

dollars.

The correlation coefficients obtained are shown in Table 1.

The stepwise regression which gave the partial correlation coeffi-

cients also produced the estimates shown in Table 2.

Nonsignificance of several estimated coefficients gave support

to the idea that deletion of variables which were correlated with the

food variable would result in little loss of information obtainable



Table 1. Partial correlation coefficients obtained from models containing five variables.

Equation 0

x1 1.000 .816 -.079 -.372 .798 .971

x2 1.000 .043 -.011 .637 .812

log-linear 1.000 .467 .444 -.108

1.000 .364 -.268

1.000 .685

Q 1.000

x1 1.000 .797 -.095 -.388 .799 .967

x 1.000 .003 -.198 .691 .658

linear x 1.000 .539 .332 -.152

1.000 .086 297

x5 1.000 .789

0 1.



Table 2. Results of estimating the equations containing five variables.

2
Equation R

log-linear .9674

linear .9702

Constants and Significance
Coefficients Level

t-value

B = -1.5875
0

B = 1.0245 .01 6.907

B2
=

. 0875 insignificant .447

B3r -.5842 .05 -2.265

B . 2982 insignificant 1.0634
B = .0193 insignificant . 1775

B= 52,041.276

B = .5056 .01 7.641

B2
= -.2698 insignificant 1.040

B = -22.8013 .05 -2.663

B = 18.9938 insignificant 1.2284

B5
= .0072 insignificant 1.343
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from estimation. Support for deleting variables highly correlated

with the food variable also came from examining the behavior of the

standard error of the significant coefficients as the highly correlated

variables entered tI equations. In each case, the standard error

of the significant coefficients increased as the highly correlated van-

ables entered.

On the basis of the deletion criterion, then, all hypothesized

variables were deleted from the estimatin.g equations except the food

variable (x1) and the two temperature variables (x3 and x4),

At this point, the equations, in their form for estimation, were

the following:

E. 5) log Q = log B + B1 log c + B2 log x2 + B3 log x3 + log e

E.6) Q=B +Bx +Bx +Bx +e
0 11 22 33

where Q = pounds of salmonid output

x1 = pounds of food fed' 2

average cumulative temperature units of water

source during the period from May through October

'2At this point, it is important to recognize that substantial
inputs are not explicitly included in the analysis. Inputs such as
hatchery facilities, labor, and management are implicit in the food
variable. Recognition of the composite nature of the food variable
is particularly important if attempts are made to allocate total prod-
uct to various inputs or to determine the prices which can be paid
for various inputs.
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x3 = average cumulative temperature units of water
source during the period from November through
April

e = error term

B constant
0

B. (i=1, 2, 3) coefficients to be estimated

log: natural logarithm

The biological logic underlying the fifth and sixth equations

suggests that output would be zero when the quantities of all inputs

are zero. Statistically forcing the intercept (B) of the fitted equa-

tion through zero, however, means making an arbitrary decision con-

cerning the extension of the logic beyond the range covered by obser-

vation. To examine the magnitude of differences which could arise

between alternative forms, the decision was made to force the inter-

cept of each fitted equation through zero and, then, to estimate them

a second time allowing the intercept to be determined by the regres-

sion, The results of estimation are shown in Table 3. The partial

correlation coefficients for the equations are shown in Appendix

Tables 4A and 5A.,

No attempt is made to select the 'best' model from the results

shown in Table 3, because there are as many "best" models as there

are criteria for judging them. Two criteria discernible from Table 3

are to select the model which a) yields the highest multiple correla-

tion coefficient (R2), or b) provides coefficients with highest levels
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Table 3. Results of estimating the final equations.

2
Equation R

log-linear

.9998
(B =0)*

log-linear
9605

(B determined
regression)

linear
.9912

(B =0)*

Constants and
Coefficients
for each
estimation

Significance
level

= 00
0

B= 1.0469 .01

B7= -.4500 .10

B3r .3319 .20

B = -23. 7362 .01
0

B1= 1.1060 .01

B2= -.3336 .20

B3= .5258 .05

= 00
0

B1= .5632 .01

B2= -16.7350 .05

B3= 29,7154 .05

B = -13,998.049 .10
0

linear B1 = .5715 .01
.9591

(B determined B = -15.6944 .10o 2
by regression)

B3= 33.3236 .05

+TI multiple correlation coefficient was increased for each algebraic form of the estimated equa-
tions when the intercept was set equal to zero. However, the increase does not necessarily indicate
a superior model since it is due to a different method of calculation.



46

of significance. Neither of these criteria is clearly superior to the

other, and since no one model is consistent with both criteria, each

model will be interpreted further so that information obtainable from

each can be presented.

Evaluation of the "Constant Returns" and
"Fixed Proportions" Hypotheses

After all four cases had been estimated, the constant term for

each form was tested for significance. The constant term for the log-

linear equation was highly significant. However, in the linear model,

the constant term was significantly different from zero only at the ten-

percent level. More traditional significance levels would indicate

that B in the linear equation is not significant.

Since insignificance of B in the linear models can be interpret-

ed to mean that the fitted equation exhibits constant returns to size,

adequate grounds seem to be lacking for rejecting the notion that

constant returns are realized.

Support for tentatively accepting the hypothesis concerning fixed

proportion input combinations is believed to come from an examina-

tion of the multiple correlation coefficients (R2) for each fitted equa-

tion. Since the selection of variables to be included in the estimated

equations was made on the levels of correlation observed between

the food variable (x1) and other independent variables, which was
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hypothesized to result from combining inputs in fixed proportions,

it is believed that, if, in fact, inputs had not been combined in the

hypothesized way and had not dominated the observations, the multiple

correlation coefficients obtained would not have been nearly so close

to unity.

Marginal Productivity Estimates

The coefficients on the input variables of the log-linear models

can be adjusted to allow the same interpretation as the coefficients

of the linear models. The adjustment allows all coefficients (except

constants) to be interpreted as marginal productivities, which are
13shown in Table 4.

Table 4. Marginal productivities of inputs obtained from estimation.

Equation MP MP MPxl x2 x3

log-linear (B =0) .5883 -15.2173 19.9582

log_linear(B<0) .6203 -11.2811 31.6181

linear (B =0) .5632 -16.7350 29.7154

linear (B<O) .5717 -15.6944 33.3236

'3Since the coefficients on the input variables in the log-linear
models are elasticities of production (B.8Q/aX/Q), then DQ/8x1
(marginal productivity of x.) = B. Q/, 1where is the mean of ob-
served output, and is the mean of the observed values of the 1th

input.



The range of the B1 coefficient is from 0. 5632 to 0. 6203 and

indicates that conversion of food into pounds of salmonids ranges

from 0. 5632 pounds of output for each additional pound of food fed to

0. 6203 pounds of output for each additional pound of food fed, when

other variables are held constant at mean levels. (The marginal

productivities of x2 and x3 can be interpreted similarly.)

Table 5. Hatchery food conversions arranged in ascending order.

Conversion Hatchery
(lbs. of Output!
lbs. of food fed)

3959 South Santiain
.4810 Bonneville
.5118 Siletz
5186 Marion Forks
5202 North Nehalem

.5342 Alsea
5399 Trask
5506 Cascade
5610 Willamette

.5693 Elk River
5804 McKenzie

.5908 Sandy
5950 Kiaskinine
6522 Big Creek

.7982 Oxbow

Average .5599

The reasonableness of these estimates finds some support from

Paloheimo and Dickie (20) who indicate that the percentage of ingested

food converted to metabolic activity in fishes is approximately 80%.

In terms of pounds of output of salmonids per pound of food fed, this

rate would indicate that the conversion factor would be .8000 if all

the food fed was converted to growth. However, growth is only part
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of total metabolism Since the conversion rate indicated by

Paloheimo and Dickie would have to be reduced to account for

other components of total metabolism and any food not eaten, a

reduction into the range estimated in this study does not seem un-

reasonable, especially since the observed conversions were those

shown in Table 5,

There are many factors which can influence food conversion

by salmonids, but temperature effects are believed to be highly sig-

nificant influences on the amount of output obtained from hatchery

operations.

In reference to metabolism of fishes, Paloheimo and Dickie

caution that:

there is the obvious danger that metabolic effects
assigned to temperature are actually the result of con-
founding with weight (body weight of fish) and ration
changes, or that there is significant curvilinearity
which was not taken into account0 . (20, p 895).

However, based on experimental results, they state that:

. . starting at a low level of temperature and feeding,
an increase in temperature alone may be expected to
give rise to a higher metabolic level, part of which
may be expected to result in higher voluntary activity
ordinarily resulting in long-term higher food intake
(20, p. 899).

In a later article, Paloheimo and Dickie say that temperature

and food do affect the metabolism of fishes and that:
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. they affect the general rate of turnover of energy per-
haps by a general effect on physiological and behavioral
activity, but do not change its pattern of distribution (21,
p. 1245).

Therefore, it seems safe to believe that, if salmonids are prop-

erly acclimatized, increases in water temperature during cold periods

will result in greater food intake and faster growth, and that failure

to perfectly adjust the quantities of food fed during these periods pro-

vides an opportunity for some substitution between food and tempera-

ture, while producing a given amount of growth.

Since fish seem to grow best in some intermediate portion of

the biokinetic range for the species, an argument can also be made

that when water temperatures are in the upper limits of the range,

growth will be retarded. Therefore, reductions in water tempera-

tures in hot periods could increase output.

The results of estimating coefficients on the warm water tern-

perature variable were extended for a 10% decrease in cumulative

temperature units during the period from May through October while

other variables were held constant at mean levels (Table 6).

The output responses shown in Table 6 were calculated by

multiplying the marginal productivity obtained from each B2 coeffici-

ent by 385. 85, which represents 10% of the observed mean of x2.

The 10% decrease in cumulative temperature units over the period

of interest is equivalent to deleting 18.4 cumulative temperature
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unit days from the period. The decrease in average daily water

temperature implied by the 10% reduction in cumulative temperature

units is Z. 09700 F. The results shown in Table 6 indicate that an

average gain in output of about 5, 684. 5 pounds (4. 36% of average

output) can be obtained from the average hatchery operated by the

Commission by decreasing average water temperature for the period

from approximately 53 0 F. to 51 0 F., holding the food input constant.

Similar analyses for the third coefficient (B3) in each fitted

equation provides the results shown in Table 7. The output re-

sponses shown in Table 7 were obtained in a manner similar to those

in Table 6, except that a multiple of Zi 6. 99 (1 0% of the observed mean

of x3) was used times marginal productivity to obtain the responses.

Since there are 181 days in the period, the average increase in daily

water temperature is 1. 1988 0 F. The average of the responses mdi-

cates that approximately 6, 21 7. 8 pounds of additional output (4, 77%

of the mean) could be obtained by increasing average water tempera-

ture for the period from about 43 0 F. to approximately 45 F., hold-

ing the food input constant,

Up until now the residuals obtained from estimations have not

been discussed. However, re siduals were examined by plotting them

against the dependent and independent variables, No significant pat-

terns were discernible from the plots, except for the hoped-for T?hori

zontal bandTl. According to Draper and Smith, hthe 'horizontal band'
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Table 6. Estimated output increases obtainable from a 10% decrease in mean cumulative
temperature units during the period of May through October.

Equation Decrease in mean Output
cumulative tern- response
perature units

log-linear 385.85 -5872. 0
(B =0)
0

log-linear 385.85 4353.0
(8 <0)
0

linear 385.85 6457.0
(8 =0)
0

linear 385.85 6056. 0
(B <0)

Average 5684.5

Table 7. Estimated output increases obtainable from a 10% increase in mean cumulative tempera-
ture units during the period from November through April.

Equation Increase in average Output
cumulative tern- response
perature units

log-linear 216.99 4331.0
(B =0)
0

log-linear 216.99 6861.0
(B <0)

linear 216.99 6448.0
(B = 0)

linear 216.99 7231.0
(B <0)
0

Average 6217.8
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indicates no abnormality and our least squares analysis would not

appear to be invalidated" (14, p. 90).

Input. Input Relationships

More than one input has been indicated to be important in the

hatchery production process. The relationships among these inputs

will now be investigated to explore implications arising from ob-

served input combinations and other possible input combinations.

The curves in Figure 4 are called isoquants. An isoquant is

a locus of all combinations of two inputs, shown as Xa and which

yield a particular quantity of output from a production process; the

equation for which can be obtained directly from a production func-

tion by solving for the quantity of one input in terms of the other at

a given level of output. The slope of an isoquant is obtained by taking

the total differential of the production function and equating it to zero.

This procedure arises because changes in output are zero, by defini-

tion, for movements along a given isoquant,

The slope of an isoquant is called the rate of technical substitu-

tion and is equal to the ratio of the marginal productivities of xa and

The marginal productivities are the partial derivatives of the

production function with respect to each input.

For the two log-linear models, the isoquants are of the general

form shown in Figure 5. Isoquants obtained from the linear
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approximations of the production function yield isoquants similar to

those shown by the solid lines with negative slopes in Figure 6.

Biological logic indicates that the isoquants shown as broken

lines in Figure 6 are probably more representative of the actual sub-

stitution relationships between the food variable and the temperature

variables, Therefore, the straight line isoquants are only relevant

over the range where they are reasonably accurate representations

of the more realistic substitution relationships. The linear equations

used for estimating the functions on which the isoquants shown in

Figure 6 are based forceIt the isoquants to intersect the axes. This

is biologically unrealistic for the food and temperature variables

being examined.

Since both functional forms used for estimation in the preceding

section predict output almost equally well, either could be used to

represent the substitution relationships within the range of observa-

tion. Therefore, the remainder of this section will be based on

linear isoquants for purposes of exposition (Table 8). 14 Because

of the distribution of actual observations for x1 and x3 (Figure 7),

movements away from the observed temperature means find little

'4The equation for the slope of the isoquants of the log-linear
models is ax1 lax1 ,x1 /B1x1. For the linear models, the equation
is 8x1 ltSx. B1/B1. In both equations, i = 2, 3.
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support from the data. The relevance of projections made in this

section for decision-making in any actual situation will have to be

assessed by biologists, perhaps through experimentation.

Table 8. Isoquant slopes at mean values based on marginal productivities obtained from
estimation.

Equation 8x1

--;;- 8x3

log-linear (B = 0)

log-linear (B <0)

linear (B = 0)

linear (B <0)

-25. 8666 33.9252

-18. 1865 50.9723

-29. 7141 52. 7617

-27.4618 58.3090

Average -25. 3073 48. 9921

As an example for interpreting the isoquant slopes, consider

x1 /8x3 for the log-linear model with B = 0. For a one unit decrease

in cumulative temperature imits during the period of May through

October, 'food fed can be reduced by 25. 8666 pounds. From this

illustration, then, it can be seen that the isoquant slopes shown in

Table 8 imply that, for the average over the four models estimated,

a 10% decrease in cumulative temperature units during the warm

period will permit a reduction of food fed by 9, 764.8 pounds (4, 20%

at the 'average hatchery) while output is maintained at the observed



mean level. Similarly an increase of 10% in cumulative temperature

units during November through April will permit output to be main-

tamed at the mean level while food is reduced by about 10, 631 pounds

(4. 58% at the Iaverage hatchery).

It should be noted that by specifying separate temperature van-

ables, it has been possible to estimate the rate of input substitution

while output is held constant. This result might be thought to be in

contrast to the observed behavior of the Commission, The estimation

of substitution possibilities between these inputs can be thought of

as the result of an inability to completely specify and control the

amount of food which can be fully utilized at various temperatures.

Hypothetical Price Relationships

The composite nature of the food variable makes economic

interpretation of substitution relationships difficult for all of the in-

puts being represented. However, some general statements can be

made about economic considerations when hypothetical prices are

placed on the food variable and on water temperature control,

Therefore, this section will be concerned with graphic exploration

of the implications of those hypothetical prices. Throughout this

section, the issue of concern is how output can be expanded at least-

cost. The relationship between the fixed proportion input and cumu-

lative temperature units for Novemeber through April will be
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examined. A similar analysis could be formulated for the relationship

between the fixed proportion input and the other temperature variable,

Consider Figure 8. The means of observed values for x1 and

are and x3, respectively. The mean value of x1 is shown to

be equal to C °

Ipx
. C° is assumed to be the cost outlay made by

the Commission for production at the "average' hatchery during the

production period of interest. F represents the per-unit price at-
1

tached to the fixed proportion input (x1). Therefore, denotes the

number of units of food which can be purchased in fixed combination

with other inputs.

Notice also that the observed mean of cumulative temperature

units for the period of November through April (3) had no price. If

a price for providing x3 (P ) existed, as through the existence of
3

technology which could be used to warm the water, an isocost rela-

tionship could then be identified to reflect the price ratio between

and x3. An isocost line is the locus of combinations of two inputs

which can be purchased with a given cost outlay for given prices of

the inputs. The slope of an isocost line is the negative ratio of input

prices, and minimum cost is achieved for a given level of output

when the ratio of prices is equated to the ratio of marginal productivi-

ties representing the slope of a relevant isoquant.

Isocost relationships are relevant to decision-making only

where water temperatures can be increased and then only when the
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increase is large enough to permit an increase in output beyond

in Figure 8 by expenditures for water temperature control. A lesser

range would be economically ridiculous since a reduction in output

(represented by Q or Q1 in Figure 8) would be implied.

Assuming that the cost outlay does not change, the issue is

whether output can be expanded by spending part of that outlay on

water temperature control instead of food. To examine this issue,

the vertical axis will be adjusted to correspond to the observed mean

of cumulative temperature units (Figure 9). This adjustment is made

for simplicity, since x3 is given.

InFigure 9, anisocostline(C0/P ,C°/P )is shownwhich

allows output to be expanded to Q4 by increasing W4ter temperature

to However, reaching Q4 implies that the quantity of x1 is zero.

Since this is unrealistic, an isoquant which is interior to Q4, such

as Q2, is more believable, For an output expansion from to

the quantity 1 x is reduced from to ', and cumulative

temperature units are increased from x3 to
If the input substi-

tution indicated is within the actual range of substitution, this output

can actually be obtained. In other words, the important point to ob-

serve in Figure 9 is that there is some price for controlling water

temperature which is low enough to permit an increase in output for

the present cost outlay if inputs are reallocated. This possibility

exists because water temperature control can be substituted for the
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fixed proportion input over some range,, Identification of the input

price ratio v'hich will allow increases in output for the existing cost

outlay made by the Commission depends on identifying the actual

range over which inputs can be substituted and attaching a price to

x1. Therefore, if water temperature control is being considered,

research devoted to refining the range of input substitution would

he needed to assess the economic efficiency implications which arise.

Also, obtaining the prices for both inputs would be necessary.

The next issue of concern is whether output can be expanded

more by controlling water temperature or by increasing expenditures

on the fixed proportion input when the quantity of the cost outlay is

increased by some amount. Figure 10 will be used to examine this

issue.

In Figure 10, movements away from the observed mean output

level are of interest, Therefore, the axes have been adjusted to

correspond to the observed mean levels of each input with the origin

at the observed point on the mean isoquant (M'

Assume that the cost outlay is increased to C and the respec-

tive price of x and x are P and P . The isocost line is then
1 3 x1 x3

betwen C' and C' /P , which implies that an output of Q4 can
1 3

be obtained if the entire increase in cost outlay is spent for tempera-

ture control,

The slope of the isocost line in Figure 10 is the same as in
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Figure 9, which indicates the same price ratio. Hence, if the price

of temperature control is such that an increase in output can be ob-

tamed for a given cost outlay by controlling water temperature,

water temperature control is also the least-cost method of expanding

output from an increase in the cost outlay when input prices remain

unchanged. To reach the same output level (Q4) when water tempera-

ture is not controlled, would require a cost outlay of C" in Figure lO

This implication is strengthened if an expansion of output from ex-

penditures on the fixed proportion input requires construction of

new facilities to accommodate the increase, because in such a case

the price attached to x1 wouJd be expected to increase. Such an in-

crease in the price of the fixed proportion input might be thought of

as the result of not only having to cover the cost of food, labor, and

other operating expenses, but also the cost of additional structures,

such as rearing ponds. Another way of phrasing the same argument

is that water temperature control can be a means of more efficiently

utilizing an existing cost outlay and, for some range of cost increase

can produce greater increases in output than additions to the fixed

proportion input.

This brief analysis presents the basis for decisions which

might increase economic efficiency at the hatchery level. Although

determination of 1) the price of water temperature control and fixed

proportion inputs and 2) the range of validity of the estimated input



substitution relationships is outside the scope of this study, this

study does indicate the need for further work along these lines if

hatchery production costs are to be minimized for whatever level of

output is produced

Similar exposition would apply to the analysis of the substitu-

tion between x1 and x2 which is indicated by the equations estimated

in the preceding section. Some geometric adjustment would be neces-

sary in light of the positive slope of the isoquants implied by the ratio

of marginal productivities. The adjustment could be made by exam-

ining the isoquant pattern for x1 and x2 in another geometric quadrant

or by reversing direction on the x2 axis, The same limitations for

practical applications of results would, however, apply.

Output-Output Relationships

The curve shown in Figure 11 is called a production possibility

or prqduct transformation curve S1 and S2 can be viewed as two

species of salmonids which are hatchery-propagated by utilizing a

given group of resources,

A production possibility or product transformation curve for

two salmonid species can be viewed as a locus of all possible maxi-

mum output combinations of the two species which can he produced

from a given set of resources, The shape and level of the curve

depends upon the amount of each resource available, the ratios of
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the amount of each resource to each other resource, and the produc-

tion function for each species,

The slope of the transformation curve at any point, called the

rate of product transformation, reveals the amount of one species

which must be sacrificed to obtain an additional unit of the other spe-

cies. If the rate of product transformation is one, the two species

substitute equally for each other and the production function for each

is the sanie, Since the analysis in the preceding sections of this

chapter has treated all salmonid species propagated by the Commis-

sion as a single output, the implicit assumption has been made that

the propagated members of the different species substitute on a one-

for-one basis.

The high multiple correlation coefficients obtained from the

four equations estimated seem to indicate that the constant substitu-

tion assumption is somewhat justified, especially since simple plots

of residuals indicate no discernible patterns when plotted against

output of individual species.

A firm statement cannot be made, however, concerning the

possibilities of joint production. To do so would require that the out-

put of one species be held constant while the other was varied. The

effects on the quantity of inputs used to produce the constant output

could then be observed. If the amount of inputs required to produce

the constant output increased, remained the same, or decreased, the
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two outputs could then be classified as competitive, independent,

or complementary, respectively. These effects might best be deter-

mined accurately under experimental conditions0

It might be that the Commission has minimized the effects of

any competition between species over time by adjusting the output

mix at individual hatcheries to achieve much independence of outputs

for the hatchery system.

General Discussion of Model Specification

Some economists might be expected to argue that the three-

variable model of the production function which was identified in

this chapter is incompletely specified, and, hence, is an unusable

aberration of actual production relationships. This section is an

attempt to abnegate such an argument.

Sapient economists would not be expected to reason on an

a priori basis that results of production decisions made by central-

ized, public management would statistically reflect the same type of

response to economic stimuli as the type observed for privately con-.

trolled units0 However, other economists might expect to observe

the same types of response for public firms as those observed for

private firms. It is to this group of economists that this section is

primarily directed0

There are two influences, at least, which can make the
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observations for public firms different from those for private firms

First, the incentive framework is different from that of private

firms, since under present conditions public firms need not neces-

sarily obey the tenets of economic efficiency. Secondly and partially

as a result of the first difference, the basis for decisions made by

public firms need not be, at the present time, conducive to provid

ing data which can be analyzed completely with the tools of economic

analysis

The Incentive Framework

The Commission has been in existence since 1921. Appropri-

ations for the Commission from the Oregon legislature were approxi-

mately $10, 000, 000 for the biennium beginning July 1, 1969. Six

hatcheries which are operated by the Commission on part of the

Columbia River system receive federal funding. Federal funding

is also present for other hatcheries operated by the Commission.

This additional funding might soon result in the construction of one

of the largest hatcheries in the world on the Rogue River system in

southern Oregon and its operation by the Commission,

The Commission has, then, been successful in maintaining

and expanding its operations. Whether this success is based on a

recognition of economic principles, on political acumen, or on both,

is debatable. It is the case that the Commission receives no price
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for its hatchery output, has no responsibility for realizing profit,

and manages fisheries on the basis of biological principles. It is

also true, however, that the Commission is not entirely unconstrained

in an economic sense, since they do face constraints on operating cap-

ital and technology as well as constraints with respect to factor

prices, fixed facilities, and natural scarcities. The effect of eco-

nomic constraints can be to induce behavior from the Commission

which is similar to the behavior of a private firm. For instance,

when water temperatures begin to rise from the colder range, the

food input is increased, and when water temperatures fall into the

lower range, the food input is decreased. 15

Many constraints can be removed under experimental condi-

tions, and data on input substitutibility can be derived, However,

one of the most severe constraints which is imposed on the Commis-

sion is on water quantity, and the operations of the Commission are

'5This behavior suggests that the interaction of the food input
and water temperature is important. This interaction did not go un-
noticed. To check the significance of the interaction, a variation of
a resistance function which included a multiplicative interaction term
was fitted to the data using stepwise multiple regression techniques.
The interaction term was significant at traditional levels and was
much more significant than either the food variable or the temperature
variable, which was measured over the entire production period.
This model had an R2 value of .98 when the intercept was set equal
to zero and .95 when the intercept was estimated, This model was
not retained because it was thought to obscure important information
on possible input substitution relationships. Therefore, the models
which were already specified were not changed, even through the
equations containing the interaction term were good predictive equa-
tions.
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not conducted in an environment which permits water quantity con-

straints to be removed at the present time Therefore, as in many

similar production processes, this constraint is taken as given and

other inputs are combined to achieve some objective It is in the

selection of the objective that the difference in incentive frameworks

for public and private firms manifests itself. In the case of a private

operation, the objective might reasonably be assumed to be maximiza-

tion of profit. The Commission, however, receives no price for its

output and has no responsibility for showing a profit from its hatch-

ery operations It seems reasonable then that some other objective

would be substituted.

An economist might suggest that, if production is to take place,

the objective should be to minimize costs for whatever level of out-

put which is produced; this could be restated as maximizing output

subject to the cost outlay made by the Commission Under condi-

tions of certainty about the nature of the production process, an

economist might also expect that all marginal conditions could be

satisfied and least-cost production could be achieved. However,

the nature of the hatchery production process is not known with cer-

tainty when the constraints operating on the process are considered.

The process might be characterized by fixed proportion inputs

or by variable proportion inputs. If fixed proportions are the case,

there is no substitutibility between inputs, and input combinations
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are predetermined. Production will take place using the fixed pro-

portion inputs, or it will not take place at all; regardless of marginal

conditions. Therefore, the only relevant issues are whether any out-

put will be produced and, if so, in what quantity. Both of these issues

can be resolved by the political process which gives the Commission

its authority and funds to operate Once these issues are resolved,

the Commission has no decision to make concerning least-cost input

proportions to be used for producing the output level which was de-

cided upon.

If, however, the inputs into the hatchery production process can

be combined in varying proportions, another decision must be made.

The decision concerns the combinations of inputs to be used to pro-

duce the desired output. However, the acquisition of knowledge re-

quired by the Commission to know whether this decision could be

made might not be costless since possible losses from disease or

other causes which might arise from experimenting with various

input combinations could result in incurring the disfavor of its con-

stituency,

It might be that uncertainty with respect to whether output would

be expanded or annihilated by deviations from the present "successful"

input combinations which might prevent the experimentation which is

necessary to accurately characterize the production process. It

might also be that the Commission has experimented with various
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input combinations in the past and has selected the combination ob-

served in this study as the combination which does, in fact, minimize

uncertainty of the process.

Whether fixed or variable proportions are the actual case, the

observations in this study seem to support the hypothesis that the

Commission acts as if the isoquants for hatchery production are

right-angled, whether or not they actually are. There is no market

incentive for the Commission to make a decision concerning least-

cost input proportions0 Therefore, given their constraints, it seems

to be rational for the Commission to adopt an objective of producing

some particular level of output, whether or not that output level

represents one for which costs are minimized. It also seems to

be rational for the Commission to combine inputs in fixed propor-

tions and to try to achieve input divisibility to the extent that the

input combination which allows a given share of the desired output

level to be obtained at one size of hatchery can be duplicated for

another. Since many of the facilities which are fixed with respect

to costs are physically divisible, such as rearing ponds, they can be

combined in fixed proportions with inputs which are variable with

respect to costs. Hence, they can be included in the fixed proportion

input.

Observations of points such as A and B in Figure 1 Z, how-

ever, allow the cross-section production function to be represented



by a function which is homogeneous of degree one. Since the incentive

framework within which the Commission operates can produce obser-

vations of this type, and since observations of this type can be expect-

ed to produce high correlations between inputs, the incentive frame-

work can result in data which make complete specification of the

production function difficult.

Data Considerations

The data used for specifying the estimated equations are shown

in Appendix Tables 6A, 7A, and 8A, An examination of all data col-

lected by the Commission on hatchery operations revealed that data

on biological variables were readily available0 These data were

hypothesized to be more accurate predictors of hatchery output than

other variables which could be more revealing in an economic sense.

Therefore, when the statistical need arose to select a proxy variable

in the equations to be estimated, the food variable seemed to be con-

sis tent with the decision-making framework of the Commission0

Still, it might be argued that the variables contained in the final

equations failed to specify the biological function properly since bi-

ological relationships are more complex than indicated by the esti-

mated equations0 This problem is acknowledged, but its effects are

believed to be minimal because of the nature of the variables selected,

The food variable is a complex variable which not only statistically
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represents other variables but also represents many biologically

complex considerations. The mash and pelletized food used in Corn-

mission hatcheries is specially formulated to account for nutritional

demands of saimonids at different ages and sizes as well as for treat-

ment of diseases which arise from the natural and man-made condi-

tions affecting hatchery operations.

The water temperature variables which are found in the estirnat-

ed equations are also complex variables in that they represent at

least an important dimension of water auality, Hence, although the

biological relationships are complex, the equations as specified ac-

count for many of the complexities.

The water temperature variables were specified in a way which

directly represents only a portion of the production period. At first

giarce, this might seem to be a mis specification. There are two cold

periods in the production period, and only one is represented. The

most important reasons for specifying the temperature variables

in this way are as follows, Numerically, the sum of the temperature

units obtained from the two cold periods, are approximately equal to

the number obtained during the single warm period, and there is no

variation between years since average data were used. Hence, a

high statistical correlation would be expected between these variables.

This high correlation would suggest combining the observations into

one. Such a combination would have obscured important information.



In a predictive sense, partial specification of the cold water variable

was quite helpfuL The fact that both temperature variables were

statistically significant indicates separ ate influences, Therefore,

the temperature variables remain as specified in the final equations.

In the predictive equations which were estimated, biological

variables have been chosen to represent production relationships

which also include other influences, The proxy variable might not

reflect the relationships which would be observed under experimental

conditions, Marginal productivitie s and, hence, substitution relation-

ships might be expected to be distorted, However, the distortion is

due to and includes the effects of the way in which other variables

are combined with them, From estimated results, the marginal

productivitie s and r e suiting substitution relationships between input

variables can be given economic content, since economic logic recog-

nizes and incorporates the importance of underlying physical rela-

tionships However, this argument cannot be reversed since, in

general, biologists cannot identify physical relationships when van-

ables are measured in other than physical terms,

If it is thought to be important to establish communication with

those persons having the responsibility for hatchery operations, as

is the case in this study, variables are more appropriately specified

in physical terms than in dollars, even when the resulting specifica-

tion directly represents only part of the forces which determine
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productions.

Admittedly, as the results of this chapter indicate, it is often

difficult to give empirical economic content to the proxy variables0

Continued effort along these lines can help to identify the considera-

tions which can help to eliminate the malediction of economically in-

efficient operation of hatcheries in the public sector. This is par-

ticularly true if effective communication can be established with re-

sponsible persons and their cooperation can be secured0

This cooperation is essential if the production function is to be

pure and the influence of each variable is to be separated from the

influences of other variables. Biological and other influences can be

separated under experimental conditions when variables other than

the one of interest is unlimiting0 Data from such experiments can

then be used to separate the effects of different types of variables0

Once separation is achieved, the production function can be more

completely specified from the separate variables and, hence, should

more accurately reflect the influence of each variable0 Survey data

of the type used here does not permit the separation which is neces-

sary for more complete specification, but it does allow the effects

of present resource allocations to be identified, Hence, the specifica-

tion used can be useful for gaining insight into the production process

and giving meaningful direction to future research and policy formula-

tion.



IV. HATCHERY PROPAGATION, COMMERCIAL HARVEST,
AND REGULATION OF SALMONID RESOURCES:

SOME INTERACTIONS

Hatchery propagation can affect the availability of salmonids in

the commercial fishery. The size of the commercial harvest can, in

turn, affect the availability of spawning stock which can be used for

hatchery propagation. Regulatory policy partially determines the

economic effects of these interactions and is the means by which

an economically efficient balance can be maintained between these

interactions. Therefore, this chapter is devoted to an examination

of the way in which these interactions occur and some possible eco-

nomic consequences of the interaction of commercial harvest and

hatchery propagation when particular regulations are enforced,

The analytical approach involves the use of static, certainty

models to isolate results. It is recognized that fishery management

is plagued with uncertainty concerning important biological and be-

havioral parameters. The approach used here can, however, help

to identify important policy considerations.

Hatchery Production and the Allocation
of Harvesting Resources

The third chapter was an exploratory investigation of the produc-

tion function for an aggregate of hatcheries and was designed to



identify relationships which can lead to more economically efficient

resource allocations at the hatchery level. Increasing economic

efficiency for an individual hatchery or for an aggregate of hatcher-

ies, however, does not guarantee that economic efficiency will be

attained for the entire productive system which is regulated by the

Commission. For instance, it could be that movements toward at-

taming economic efficiency at the hatchery level might only result

in more efficiently supplying an input into salmonid fisheries which

leads to increased inefficiency for harvesting activities, when given

the regulatory framework within which commercial harvesting of

saimonids takes place. This possibility will now be considered by

investigating the effects of hatchery propagation on the physical con-

version of parent population into possible levels of equilibrium catch

in the salmonid fisheries and relating these effects to the allocation

of harvesting resources. Economic efficiency implications can then

be identified for a harvesting aggregate.

Understanding of the interaction of parent population and equi-

librium catch can be achieved by referring to Bromley (2), In his

analysis, Bromley derived a relationship between equilibrium levels

of harvest attainable from a fish resource and the size of its parent

population. Bromley based his work on previous analysis done by

Ricker (24), however, the work done by Bromley will be used as a

basis for presenting the relationship.
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Bromley states that biological production in a fishery in its

natural state is a function of recruitment, growth, and natural mor-

tality After pointing out that there is a relationship between these

variables and population size, its biomass, and its environment,

Bromley presents the following graphical relationship between ma-

ture progeny and parent population.

The explanation of the graph in Figure 13 which is given by

Bromley is that:

The 45° line [g(P)] is called the replacement line and indi-
cates the level of mature progeny which would just main-
tain the parent stock at its present levels0 At a population
of P1, the production of mature progeny over and above
that needed for replacement is a maximum, At a parent
population of P2, the production of mature progeny is a
maximum in an absolute sense. At P3, the production
of mature progeny is just adequate to replace the natural
attrition of the parent stock (2, p0 60).

Based on work done by Stevens and Bromley (29),

O it is possible to define equilibrium catch as that
level of fishing mortality which will leave the population
at its present level, Since at F3, there is no positive
net recruitment, equilibrium catch is zero, If, in
any one year, some catch less than equilibrium catch is
taken, the population will move in the direction of P3,
If more than equilibrium catch is taken, the population
will be further reduced0 If the excess over that needed
for replacement is exactly taken each season, it is pos-
sible to hold the fish population at p1 (2, p, 60)

By taking the difference between g(P) and h(P), Bromley con-

structs a relationship between catch and parent population as shown

in Figure 14.
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Assuming that ecological constraints do not prevent an increase

in salmonid populations, physical efficiency gains achieved by hatch-.

ery production over natural production can be viewed as shifting the

curve in Figure 14 upward for each size of parent population The

points of intersection with the horizontal axis remain the same,

however, When no parent population is available, reproduction is

nonexistent, and when parent population approaches P3, environmen-

tal and, possibly, health constraints operate to prevent production

of any excess of mature progeny over parent population. Therefore,

if the hatchery production function permits gains in the physical effi-

ciency of saimonid production over the amount which can be achieved

without hatcheries, the level of equilibrium catch increases for each

level of parent population, except for the levels which are absolutely

limiting

The Commission has used hatchery propagated salmon and

steelhead primarily to supplement natural production, The circum-

stances which might prompt the use of hatchery propagated salmonids

are:

A. To establish salmon runs where none exist,

B, To maintain runs which are being destroyed due to

preventing fish access to natural spawning and rearing

areas, or destruction of those areas.

C To increase sport or commercial harvest,
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Although some information has been obtained in this study on

the physical efficiency of converting returning spawners into output

from hatcheries operated by the Commission, whether the hatcheries

are physically more efficient than natural production for producing

fishery returns of salmonids is difficult to assess until detailed

marking experiments can be completed and compared to natural

returns, 16 Some general statements can be made, however, about

a framework for viewing the physical efficiency of hatchery produc-

tion as compared to natural production for each set of circumstances

which might cause the Commission to use hatchery propagated output.

To establish runs where none exist, the Commission has insti-

tuted a controlled program of releases of swim-up fry and fingerlings

in various streams. These releases are propagated in hatcheries and

are usually released in the headwaters of the stream, since salmonids

do return to the area where they spend most of their early lives,

Implications for hatchery production versus natural production are

difficult to assess when new runs are being established unless infor-

mation is available on the level of natural production and on what

levels are being maintained for runs which are already in existence

within the system. If the assumptions are made that natural produc-

tion is declining and existing runs are being maintained by substituting

'6Some indication of fishery returns of hatchery fish can be ob-
tained by reading Woriund, Wahle, and Zimmer which is cited in the
bibliography (32).



hatchery production for natural production, then hatchery production

must be physically capable of producing an excess over the amount

needed to maintain existing runs0 The weak implication is that hatch-

ery production must be able to produce more progeny from existing

spawning stocks than natural production. For the system as a whole,

the curve in Figure 14 would be shifted upward0 If, however, a new

run was viewed in isolation, new curves of the types shown in Figures

13 and 14 would be created0

Maintenance of runs which are being destroyed requires that

hatchery production be sufficient to offset declines in natural produc-

tion, which implies that the hatchery production function must be at

least as physically efficient for converting egg take into in-migration

as natural production. Therefore, the amount of mature progeny

obtainable from a given parent population under hatchery conditions

must be at least as great as in the natural state0 In this case, the

curve shown in Figure 14 would be maintained at some level0

To increase sport or commercial catch over the catch which

is obtainable from given levels of parent population on natural spawn-

ing grounds, hatchery production must be more efficient than natural

production, in a physical sense for producing possible levels of equi-

librium catch, and the curve in Figure 14 would be shifted upward0

In the discussion presented in this chapter up to this point,

the general ideas are that changes in the total number of salmonids



during a production period and over time depend upon the trend in

natural production, the hatchery production function, the relative

efficiency of hatchery production as compared to natural production,

the amount of harvest and escapement, and the particular objectives

envisioned for hatchery propagated saimonids. In the following dis-

cussion, each of these ideas will be used to isolate possible effects

of an increase in hatchery production on the allocation of harvesting

resources, given specific assumptions.

Natural production is assumed to be less than the amount which

can be accommodated by the environment and to be constant over

time, since the actual magnitude of natural production is unknown.

The aggregate hatchery production function is assumed to be known

and to be more efficient in a physical sense than natural production.

Also, the assumption is made that harvest from existing runs is lim-

ited to the maximum sustainable harvest over time, and escapement

over time from existing runs is exactly sufficient to maintain maxi-

mum sustainable yield.

Under these hypothetical conditions, the steady-state industry

supply curve from the fishery can be shaped like the curve shown in

Figure 15.
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Whenever fishing effort is carried to the point of maxi-
mum physical yield (or to the limit of a quota imposed
by a regulatory commission), the supply function be-
comes. perfectly inelastic (11, p 33)7

If the supply curve shown in Figure 15 represents the amount

of harvest obtainable from natural production alone, the curve would

not be expected to shift over time when constant natural production is

assumed; nor would it shift if natural production was declining and

hatchery production was just sufficient to offset the decline.

However, if natural production is constant and sufficient hatch-

ery output is injected into the fishery to increase commercial harvest

or to start a new run, the supply curve shifts downward to the right

and becomes vertical at a higher output level. The reason for the

shift is tha.t maximum sustainable yield increases, thereby increas-

ing aggregate productivity which, in turn, lowers average and mar-

ginal harvesting costs for the harvesting aggregate; hence, the fish-

ing industry can supply a greater quantity at each price. The har-

vesting technology in use becomes more productive due to the in-

crease in the size of the fish population. Bromley pointed out the

existence of different production functions for different population

sizes by stating:

1 7The parentheses are used by Crutchfield and Pontecorvo
For simplicity, the words backward bending have been omitted.
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Aggregate catch (for a given technology) depends both
upon total fishing effort and the size of the fish popula-
tion; either can be fixed while the other varies. A given
level of effort applied to a large population, for example,
will yield a larger catch than if a smaller population ex-
isted (2, p. 62),

The releveant issue when supply increases is how the allocation

of harvesting resources to the fishery changes. Since profitability

is usually assumed to be the stimulus which causes changes in re-

source allocations and the interaction of demand and supply in the

market determines profitability for given harvesting costs, some

assumption must be made regarding the point on the supply curve

where equilibrium between supply and demand is reached.

Consider the situation shown in Figure 16, and assume that

competitive equilibrium exists at point A. Assume then that demand

shifts from to D2. The new equilibrium is established at point B.

The relevant range of the supply curve (SN) is the inelastic portion,

and an adjustment process among fishermen is caused by the demand

shift,

An increase in demand raises prices and attracts entry.
But the addition to capacity adds nothing to output, £he
existing. . . output is simply shared among an increased
number of inputs; i, e. the average cost curves of the indi-
vidual producers slide up the inelastic. . supply function.
Competitive equilibrium is restored when all the rent
(profit) is dissipated through additional entry. If, over
time, the demand for fish products increases, more
and more inputs are used to catch the same number of
fish (11, p. 33). 18

18The adjustment process described can hold for the aggregate
of producers under several assumptions about the effects on individual
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Figure 16. Shifting supply with different levels of demand.
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If the production function in the fishery is assumed to be one

for which diminishing physical returns result from a fixed quantity

of fish being made available for capture due to regulating harvest

at maximum sustainable yield, and the fishing effort input is assumed

to be a composite variable which includes labor and capital, profit

from harvesting represents a return attributable to salmonid re-

sources Therefore, this formulation is consistent with Gordon 16)

who pointed out that the profit created by limiting entry would be a

social surplus arising from the resource and would not be analagous

to artificial scarcity such as a monopolist might create Had the

entry of additional harvesting resources into the fishery not occurred,

some of the profit which was created by the shift in demand might

have been appropriated by society through institutional arrangements

to offset the costs of any hatchery operations which are needed to

maintain that level of yieid However, additional entry dispersed

the social surplus among producers. After this dispersion, recov-

ery of that surplus can be considered to be, at least, difficult, if
19not impossible.

producers. However, the process as described is sufficiently com-
plete for making the point that an excess amount of harvesting re-
sources can enter the fishery under the conditions which are assumed.

'9The following comments might help to clarify the way in which
profit potential is dispersed, although they represent a simple case
and more complete explanations based on technological and pecuniary
effects of entry can be constructed. Each individual production unit



The tendency toward allocating an excessive amount of harvest-

ing resources to the fishery can be aggravated by hatchery induced in-

creases in supply. If the lower supply curve in Figure 16 arises due to

increases in hatchery output and the relevant demand curve is D2,

price decreases from P2 at point B to P1 at point C. The interaction

of the price decrease with the increase in marginal productivity will

determine whether profits become positive. If the elasticity of de-

mand is greater than one at the new equilibrium, which is often thought

to be a characteristic of salmonid demand, positive profits will prob-

ably result, If positive profits do accrue to fishermen, then impetus

is provided for the entry of new firms, An excess amount of harvest-

ing resources were already allocated to the fishery and this excess

was increased by the hatchery induced shift in supply. If demand

shifts to D3, profits become greater and resources, again, are stimu-

lated to enter the fishery until all profit is dissipated at point D. 20

already operating in the fishery finds it increasingly difficult to main-
tain its existing share of the total catch as new units enter the fishery.
More effort must be expended with a corresponding increase in aver-
age costs. Hence, average cost curves are shifted upward until all
profit is eliminated. The profit potential which was created for exist-
ing producers by the increase in demand is dissipated by the entry of
new firms. Consumers pay a higher price, but individual producers
still receive no profit. The change in the harvesting sector is that
more fishing units are now in existence. If each producer is identical,
each will be producing less at the new equilibrium point.

2°It should be noted that if hatcheries induce a shift in supply, an
increase in consumer surplus can result. However, this increased
surplus is not costless, since costs exist for hatchery propagation and
can exist for the unneeded allocation of harvesting resources.
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The increase in hatchery output can, then, induce an excessive

allocation of harvesting resources to the fishery. This result can be

obtained even when the price of fishing effort is assumed to include

coverage of opportunity incomes to the factors contained in the corn-

posite fishing effort variable, and:

Considerable confusion has arisen as a result of failure
to make explicit the fact that adequate factor earnings
are no guarantee against excessive inputs (11, p. 34).

It should also be made explicit that, regardless of whether the

opportunity incomes of factors are covered, when opportunity incomes

are positive a social cost results from the excessive allocation, In

addition, the costs of hatchery operations and regulation needed to

maintain the given level of yield are incurred by society.

Fishery Regulation, Commercial Harvest, and
Escapement of Salmonids to Hatcheries

This section includes an analysis of the interaction between corn-

mercial harvest and escapement of salmonids to hatcheries, This

interaction is discussed in general. Abstractions are employed to

depict the effects of several types of fishery regulations on commer.-

cial harvest and escapement.

The contents of this section are specifically aimed at offering

explanations for the observation that an excessive amount of coho

and steelhead return to Commission hatcheries over that which is



thought to be needed to maintain those populations at selected levels,

Salmonids which escape capture and are not needed for reproduction

must be disposed of by some means. If the disposition produces less

revenue than could have been realized if those fish had been captured

in the fishery, the difference represents a cost, since it is a fore-

gone income opportunity over that which is needed for investment in

future production. However, it is important to note that uncertainty

with respect to the actual size of salmonid populations at any point in

time characterizes fishery management. In view of this uncertainty,

the cost of excessive escapement might be a cost which must be

borne in some years in order to maintain the reproductive capabilities

of salmonid resources in other years when populations are greatly

reduced. The consequences of too little escapement might be worse

than the consequences of some excessive escapement. The static

certainty models used in this section do not directly account for vary-

ing population sizes but are useful abstrations for the purpose for

which they are intended.

The Concept of Guaranteed Escapement

Although much of the commercial harvest of Oregon salmonids

is taken in the open sea when the fish are on feeding grounds, fishing

mortality is primarily concentrated during their last summer of life

and affects the number of saimonids which survive to reach spawning



areas. Given the assumption of constant natural production, the effec-

tiveness of hatchery propagation activities then depends on fishing

mortality and the number of escapees returning to hatcheries, Con-

trols over fishing mortality can be instituted to guarantee escapement

of in-migrating salmonids. Figure 1 7 depicts the idea of guaranteeing

escapement and is based on Figure 2 in the second chapter.

Since possible levels of equilibrium catch in a salmonid fishery

are a function of parent population for given natural and hatchery pro-

duction possibilities, the level of equilibrium catch obtainable in any

period is a function of the number of fish which have escaped cap-

ture and returned to spawn in the previous period0

The portion of Figure 1 7 above the broken line is the same as

Figure 2. In Figure 1 7, the number of salmonids in the in-migration

is denoted as K. The disposition parameter, X, represents the per-

centage of K which is desirable as escapement for reproduction0 If

). K could be physically set aside by some method, (1 -X )K would

represent the amount of the in-migration which would be available

for capture0 It should be noted, however, that if XK cannot be isolated,

the entire in-migration is available for capture in the fishery0

Assuming that XK can be set aside, A denotes the number

of salmonids actually captured, and (1 -X )K-YA denotes the number

which is available for capture but are not caught0 The amount of

escapement actually realized, ER, is XK + [(1 -X )K-YA], which
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Figure 17. Life cycle and guaranteed escapement of salmonids,
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becomes the parent population or spawning stock for the next life

cycle 21 If ).K is established at the level which is needed for natural

and itatchery reproduction, any escapement in excess of thai. amount

represents foregone income opportunities.

Types of Regulation and Their Effects on Escapement

The argument for attempting to guarantee escapement levels is

based on the possibility of completely destroying the reproductive

capability of salmonid resources over time due to their susceptibility

to capture during in-migration. During in-migration, salmonids are

often concentrated in constricted areas and shallow water. Histor-

ica]ly, restrictions on types of fishing gear and limited fishing sea-

sons have both been instituted to prevent annihilation of salmonids,

Limiting gear efficiency and fishing seasons are only two means of

guaranteeing escapement; other methods could include limiting fish-

ing effort and setting an industry quota on output0

Output Quotas and Closed Seasons

Setting output quotas and closing fishing seasons might be ex-

pected to produce similar results in an ocean fishery but can produce

21 The concept of guaranteeing this spawning stock is a theo-
retical concept which could have important implications for manag-
ing individual runs of salmonids if some of the existing legal con-
straints which prevent commercial harvesting of salmonids in the
bays, estuaries, streams, and rivers of Oregon (other than the
Columbia River) were ever relaxed,
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strikingly different results in an anadromous fishery under certain

circumstances. One difference is that under a quota system, escape-

ment is the residual between in-migration and yield from commercial

fishing, while closing the fishing season forces commercial yield to

be the residual between in-migration and escapement. The closed

season might be a more desirable method for protecting the reproduc-

tive capacity of salmonids if the level of demand for fishery output is

high relative to the reproductive capacity of the resource. A closed

season insures that legal fishing mortality will be nonexistent until

the reproductive capability desired for the resource is obtained, but

the quota provides no such assurance; a difference which is not Un-

important given imperfect knowledge about in-migration. 22

Given the same harvesting technology and an in-migration, K,

the results of a quota system are compared in Figure 1 8 to the re-

sults obtained from a closed fishing season, when both are designed

to permit an escapement of X. K during each production period. An

escapement of X K is assumed to be the amount which is necessary

for maintaining a desired population over time. A production period

is defined to be the time period which lapses betwen the beginning of

an in-migration of adult salmonids and the beginning of the in-migra-

tion of a major portion of their mature progeny. The size of the

22The closures might, however, have to be periodic over an in-
migration to maintain the characteristics of the various runs contained
in the in-migration.
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parent population in any one production period will be equal to escape-

ment.

If the same amount of aggregate effort (Eq) is applied under both

regulations, the actual yield obtained will be different. Y will be

the yield from the quota system, and will be the yield from the

closed season. The reason for this difference in yields is that there

exists a different production function for each population size. The

size of the population from the viewpoint of fishermen is the portion

of the in-migration which is available for capture. The harvesting

function depends, then, on the way in which an in-migration is divided

between escapement and availability for harvest, Under the quota sys-

tern, fishermen have the entire in-migration available to them until

the quota is filled, whereas, under the closed season regulation,

escapement is removed from the in-migration and the portion which

is available to fishermen is decreased,

For the amount of effort, Eq the quota system provides the

desired escapement of X K, but for the same amount of effort the

closed season provides unneeded escapement, since ER> X K and

X K is assumed to be the amount of escapement which is needed to

maintain the selected level of sustained yield over time, Fishing

effort would have to be expanded to under the closed season regu-

lation to reduce escapement from ER to XK, This expansion of effort

would require marginal productivity of fishing effort to be zero.
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It might be helpful at this time to gain additional assurance that

escapement can be established to maintain a potential fishery yield

equal to a selected percentage of maximum sustainable yield. Re-

membering that escapement and parent population are identical for

an anadromous fishery permits mature progeny to be shown as a

function of escapement, as in Figure 19

If escapement of X K is achieved in any period, and corres-

ponding harvest of mature progeny is exactly (1 -X )K, yield can be

theoretically sustained at that level over time. If managers of salmon-

Id resources wish to achieve this situation, the closed season method

of guaranteeing escapement might not be desirable because the de-

sired yield might be taken only when fishing effort is free, If, for

example, the aggregate of fishermen applied effort only to the point

where some positive price of fishing effort equalled the marginal value

product of that effort, the harvesting function, shown in Figure 18b,

would never be maximized, and an unnecessarily large amount of

escapement would result,

Carlson (4) indicates the consequences which are usually as-

sumed for harvesting less than the catch which represents an equi-

librium between the reproductive capacity of a fish population and

a constant harvest which is less than maximum sustainable yield per

unit of time. To make the argument presented by Carlson consistent

with this analysis, numbers and biomass of mature progeny, rather
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than population growth, will be assumed to be a single valued function

of escapement, rather than population. Also, the assumption is

made that the function takes the shape shown in Figure 20.

Letting E in Figure 20 represent the same escapement as Eu

in Figure 19, the results of a harvest less than Y will be that, for

given environmental and reproductive conditions, mature progeny

will increase up to a maximum and then decrease For a given

X \ then, escapement will increase until stability is attained at

E.
5

The results shown by Carlson are more relevant for a fishery

in which output quotas are imposed and not met than for a fishery in

which harvest is being regulated by closed seasons at some level less

than maximum sustainable yield. In the latter type fishery, for

X X over time, harvest can change as in-migration changes;

first increasing to a maximum and then decreasing to the original

level, As in-migration is increasing the aggregate production func-

tion in the fishery shifts upward, and as in-migration decreases, the

function shifts back to its original level, 23

23 terms of the analysis presented in the first major section
of this chapter, these changes in in-migrations would be reflected
by, first, increasing supply and, then, decreasing supply. If entry
and exit conditions are asymmetrical, excess harvesting capacity
would increase and remain as supply began to decrease to its origi-
nal level,
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in salmonid fisheries, the adjustment process can, however,

be avoided if unneeded escapement is not used for reproductive pur

poses. If escapement which is unneeded relative to the management

objective is realized at hatcheries, the excess can be easily withheld

from reproduction.

It should be noted that if the management objective level of

yield represents 100% of maximum sustainable yield, and if fisher.-

men actually produce that yield, then escapement can never be exces-

sive, Failure to harvest 100% of maximum sustainable yield can only

result in decreases in harvest over time unless excess escapement

is withheld from reproduction.

Input and Output Quotas

Another method of guaranteeing escapement is to limit the

amount of fishing effort which can be expended to harvest saimonids

with a given technology. A quota on fishing effort produces the

same results as an output quota when the output quota is taken with

the same technology from the same size in-migration, and an equal

amount of effort is permitted. Under these conditions, yield and

effort are theoretically the same.

There are, however, differences inyield and fishing effort ex-

pended for output versus input quotas as technology is varied. In

Figure 21, to provide an escapement of XK, an output quota of Y
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could be established. Depending upon which harvesting technology

and, hence, which production function is used, the level of effort

needed to harvest Y is either E or E
0 1 U

Similarly, if a quota is established on aggregate effort at

for example, the yield for that level of effort can be either Y0 or

Y0' depending on the production function arising from the technology

used. If resource managers wish to provide an escapement of K,

a quota on aggregate effort such as Eu would not be desirable if the

more productive technology could be used, since no assurance is

present under those conditions that yield from the fishery will not

exceed Y, and, hence, reduce escapement below the desired level.

If the fishing season was closed until an escapement of ) K was

realized, any technology capable of harvesting (1 -X )K could be used

without output or input quotas with no fear of reducing escapement

below the desired level. In Figure 22, it can be seen that output can-

not exceed (1-X )K for any technology or any level of effort There-

fore, it can also be seen that gear restrictions which limit the effec-

tiveness of fishing effort are unnecessary to protect the reproductive

capability of salmonids when escapement is already assured by the

closed season.
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Gear Restrictions

If technical harvesting efficiency is restricted so that the har-

vesting production function is maximized at a level of yield which is

less than the maximum possible yield, excess escapement of salmon-

ids to hatcheries could, again, be the result. Figure 23 depicts this

result.

Escapement actually realized (ER) would be greater than needed

escapement (X K). If fishermen did not maximize this function, the

excess wouj.d be even greater.

Some General Comments on Fishery Regulation

From this discussion it is possible to see that if the Commis-

sion is successful in managing the salmonid fisheries at the constant

level of an established percentage of maximum sustainable yield,

escapement will never exceed the amount needed for replenishing

the resource to the same level in the following production period0

Therefore, deviations from needed escapement represent a degree

of failure to achieve the regulatory objective. To better assess the

degree to which the regulatory objective is attained, information on

escapement to natural areas would also be desirable. The possibility

exists that more than adequate escapement could also be realized to

natural areas.
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Any method of guaranteeing escapement which can physically

isolate escapement prior to allowing commercial harvest would pro-

duce the same results as a closed fishing season and assure the re-

productive capacity of salmonid resources0 For example, if needed

escapement could be captured at the beginning of an in-migration and

transported to hatchery facilities or natural spawning areas while

maintaining the needed quality of spawners, fishing could then be

permitted by fishermen using the most efficient harvesting technol-

ogy with no adverse effects on the reproductive capability of the re-

source, There would, however, exist the possibility that all of the

remaining fish would not be harvested unless fishing effort was free,

If the remaining fish were not all harvested, escapement would be

excessive just as with the closed season0

All of the regulatory methods discussed can result in maintain-

ing the reproductive capacity of salmonid resources over time if

properly administered0 Another way of viewing the regulations is

that all can be successful in imposing the social time horizon for

exploiting salmonids on commer cial fishermen.

Whether voluntary failure to maximize production on the part

of fishermen, restrictions on technical harvesting efficiency, or both

cause excessive escapement is a matter for conjecture and empir-

ical investigation0 However, given excessive allocations of harvest-

ing resources to salmonid fisheries and levels of demand for fish-

ery output which are high relative to the reproductive capabilities
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of salmonid resources, limitations on the efficiency of harvesting

gear might be chosen as the more likely cause.

Lack of information and uncertainty with respect to the relation-

ships discussed in this section might be the reason for the types of

regulation which lead to excessive escapement. If so, further effort

will have to be directed toward extending this analysis to incorporate

inherent uncertainties and to expand the information base which is

valid for decision-making if excessive escapement is to be eliminated.
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V. SUMMARY AND CONCLUSIONS

Summary

Consecutive parts of the preceding chapters have been devoted

to identifying and attempting to fulfill the objectives of this study

After an introduction to the study in the first chapter, some general

information about salmonid resources and their hatchery propagation

in Oregon was presented in the second chapter.

Empirical procedures and results were offered for considera-

tion and briefly analyzed in the third chapter. The first section dealt

with the isolation and estimation of a threevariable model of input

output relationships observed for hatcheries operated by the Fish

Commission of Oregon, The food variable included in the final equa-

tions was reasoned to be a proxy variable for other operating expendi-

tures and fixed facilities Hypotheses were advanced that the Corn-

mission combines inputs in fixed proportions and realizes constant

returns to size, The two temperature variables contained in the final

equations were reasotied to adversely affect output from rearing oper-

ations when they are uncontrolled. Estimation of the final equations

failed to produce sufficient evidence to refute the hypotheses that the

Commission realizes constant returns to size from hatchery opera-

tions and combines inputs in fixed proportions.

Results of estimation also indicated that sizeable gains in
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hatchery output could be realized for decreases in the range of water

temperatures observed during May through October. Substantial gains

in hatchery output were similarly indicated for increases in water

temperatures usually realized during November through April.

Empirical results revealed some substitution possibilities be-

tween water temperature and other inputs. Within the range of input

substitution indicated by linear isoquants, some general, theoretical

consequences arising from hypothetical prices for water temperature

control were identified. It was shown that if a price of temperature

control was available which would permit output to be expanded by

input substitution for a given cost outlay, substitution of water tem-

perature control for other inputs would represent the least-cost

means of expanding output over some range. This result was also

shown to hold when the cost outlay was expanded. It was pointed out,

however, that the isoquants obtained from this study are not thought

to be accurate representations of actual substitution relationships

over their entire range but should suffice for marginal adjustments.

The possibility that the hatchery production process actually

involves joint production of technically different outputs was dis-

cussed. Although this possibility was indicated to be an important

consideration, little empirical support could be identified for believ-

ing that joint production actually exists. Hence, analyzing all spe-

cies produced by the Commission as a single output in a technical

sense was shown to be not unreasonable in an exploratory analysis
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of the type conducted.

The final section of the third chapter delved more fully into

model specification. The differences between incentive frameworks

of the Commission and private firms were discussed, It was pointed

out that the Commission seems to act rationally by combining some

inputs in fixed proportions0 The reasons for and effects of character-

izing the hatchery production process as a fixed-proportion, constant-

returns process were discussed in general. The specification of the

production function used in this study was defended and was indicated

to provide useful information; particularly when the possibility for

water temperature control exists,

Chapter IV included a brief theoretical exposition of possible

effects of hatchery propagated increases in populations of salmonids

on the allocation of harvesting resources to salmonid fisheries when

regulatory objectives and policies were assumed to be given0 The

particular assumptions employed produced the result that increases

in hatchery production can cause long-run increases in excess harvest-

ing capacity and corresponding social costs in salmonid fisheries,

A brief theoretical analysis was also offered to provide some

insights on how escapement of salmonids from fisheries might be

greater than the amount needed to maintain populations at selected

levels, The results were that regulatory action directed toward the

goal of guaranteeing a particular level of escapement can be the cause
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of the excessive escapement being realized. Two cases were pre-

sented which might result in excessive escapement The first was

when needed escapement is guaranteed by a closed season, and fisher-

men fail to maximize production on a production function which is

capable of harvesting all remaining fish. The second case was when

the level of escapement needed for reproduction is assured by a

closed season and harvesting technology is restricted to a level which

will not permit all remaining fish to be harvested, even when the re-

suiting production function is maximized, The latter case was mdi-

cated to be the most likely reason for excessive escapement under

conditions of an excessive allocation of harvesting resources to

salmonid fisheries and output demand levels which are large rela-

tive to the reproductive capabilities of salmonids0 However, it was

pointed out that lack of information and uncertainty concerning the

relationships which were discussed might be the reason for the man-

agement practices which lead to excessive escapement, and, if so,

improving the situation will require more sophisticated analysis and

better information.

Conclusions (Insights and Perspectives)

Conclusions are difficult to formulate from the results of an

exploratory study Since this study was intended to be exploratory,

few conclusions can be drawn from its results, There are, however,
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some insights and perspectives concerning the processes which

have been investigated which might be of use to researchers

and managers of salmonid resources. These will be consid-

ered separately for hatchery propagation and commercial har-

vesting.

Hatchery Propagation

Hatchery propagation was the first process which was analyzed.

The results of the analysis were summarized in the previous section

of this chapter. In conjunction with these results, the following

points can be elucidated with respect to policy and future research.

1. The hypothesis that the Commission realizes constant re-

turns to size from its hatchery operations was tentatively accepted,

ceteris paribus. However, ceteris paribus might not be a valid as-

sumption for policy purposes. Output from existing hatcheries has

been of primary concern in this study. Hatchery output is only the

initial stage of the production process which makes salmonid products

available in the marketplace. From the time fish leave hatcheries

until they are captured in the fishery, risk and uncertainty exist

from a management viewpoint with respect to how many of these

fish will return. Constant returns from hatchery operations does

not mean that constant returns will be realized from the entire pro-

duction process which is managed by the Commission, Therefore, the
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implication that it does not matter whether output is produced from

many small hatcheries or several large hatcheries might not be valid

when risk and uncertainty with respect to the return of salmonids is

allowed. It might be desirable to produce at smaller hatcheries

located on many streams to spread the risk of a significant loss to

the total system. On the other hand, it could be desirable to construct

larger hatcheries on environmentally protected streams

2. Technological developments such as closed environmental

systems present possibilities for input substitution which include

trade-.offs between quantities of controlled variables and changing the

levels of usage of previously uncontrolled variables. This study

indicates that substitution possibilities exist between the proxy food

variable and water temperature. To evaluate the significance of

these possibilities, more information is needed on the inputs which

are represented by the food variable and their costs, If accurate cost

data can be obtained for the substitutable inputs, and the range over

which the inputs can be substituted can be refined, an economically

sound decision can be made concerning water temperature control,

3. The observations used in this study do not reflect existing

redundance of some components of the fixed proportion input at some

hatcheries. If unused capacity already exists, additions to capacity

only add to the redundancy and do not increase the economic efficiency

of hatchery operations. An increase in the quantity of water which is
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available to som.e hatcheries, particularly during periods of low

water flow, could be the means for allowing capacity which is pres-

ently unused to be used in the future. If data can be collected on the

amount of water which is available and on the amount actually being

used, an analysis similar to that contained in the third chapter of

this study might help to identify the economic feasibility of control-

ling water flows and help to identify other possibilities for input sub-.

stitution. Since augmenting water flows is not a new concept, data

on prices should be more complete and a more practical analysis

could probably be conducted. Even if augmenting water flows is not

economically feasible and water availability continues to limit the

amount of usable hatchery facilities, substitution between inputs

might be a means of substantially increasing output.

4. In conjunction with input substitution within a production

process, comparisons of different production processes can also

provide information on how to minimize hatchery production costs

over the planning horizon. Different production processes can be

expected to provide different trade.-offs between inputs. As an ex-

ample, the use of gravel pits as rearing ponds could reduce expendi-

tures for rearing ponds but might require additional expenditures

for disease control, 24 On the other hand, a sophisticated closed

24Although they were not specifically covered in this study
because of their experimental nature, the Commission operates
Aumsville, Salem Park, and Stayton rearing ponds in addition to
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environmental system might permit reductions in direct expendi-

tures for disease control but would require additional capital outlays

for construction and operation. It is, therefore, important to iden-

tify least-cost combinations within and between processes.

5. The survey data used in this study prevented explicit con-

sideration of many important inputs. It was possible, however, to

identify substitution r elationships between some productive inputs.

Since the cost of collecting the survey data which was used was mm-

imal, further consideration of using survey data for obtaining a more

complete specification of hatchery production functions seems to be

warranted. Additional possibilities for substitution between inputs

might become apparent from analyzing survey data from more than

one agency. Also, identification of least-cost input combinations

and least-cost production processes might be greatly facilitated,

the 15 hatcheries examined. These ponds are basically gravel pits
and are not carried on the physical inventory which is maintained by
the Commission. Salmonid production from these ponds over the
period examined in this study was approximately 51, 800 pounds.
The fish in these ponds were fed 100, 440 pounds of food, which gives
a crude conversion rate of .5157 pounds of output per pound of food
fed. Over the planning horizon these facilities would provide a lower
average cost than would facilities with expensive concrete rearing
ponds, ceteris paribus. The possibility for reducing costs by use
of less expensive rearing ponds is, however, dependent upon the
effects of decreased control over rearing operations, particularly
with respect to the incidence and control of disease, on the survival
of the salmonids which are released from these ponds.
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6. In this study, output has been examined at the hatchery.

Much of this output will never return to the fishery. A more mean-

ingful analysis would measure the contribution of hatcheries to the

fishery. It might be desirable that a production function be construct-

ed to reflect influences on fishery output at sequential intervals over

the life cycle of salmonids. Such an analysis would require that

hatchery production, biological production after release, and har-

vesting activities be included into one function. This type of analysis

might be possible with better data on each segment of production due

to the separability of the segments with respect to time. At the

present time, however, data availability precludes construction of

a comprehensive function.

Commercial Harvesting

Points concerning commercial harvesting are as follows.

1. Given open-access to salmonid fisheries, excessive harvest-

ing resources can enter these fisheries as a result of hatchery pro-

duction. This excessive allocation of harvesting resources can im-

pose a cost on society when opportunity incomes of the excessive re-

sources are positive. This social cost is in addition to the public

cost outlay made for hatchery operations. It should be stressed,

however, that the social problems arising in sa]monid fisheries

cannot be exclusively attribtued to the existence of hatchery programs.
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Any undesirable consequences which might be realized in the fisher-

ies from hatchery production are only subsets of the general common-

property or openaccess problem found in the fisheries, The magni-

tude of economic inefficiency which is believed to be associated with

this larger problem overshadows any undesirable effects of hatchery

production. Hatchery contributions to fish stocks might increase the

tendency for fishermen to allocate an excessive amount of harvesting

resources to salmonid fisheries, but hatchery propagation cannot be

made to bear the burden of being the sole cause. This tendency per-

vades common-property fisheries; most of which do not rely on hatch-

ery propagation.

2. Uncertainty with respect to salmonid population levels at

any point in time makes management of salmonid resources corn-

plex and difficult. Static certainty models of the regulatory process

can help to identify reasons for the loss of opportunity incomes in

a fishery, but elimination of the loss will require better data on the

contribution of natural and hatchery production to the rate of recruit-

ment to salmonid stocks, and the rates of growth and mortality of

those stocks, Ideally, this information would be available for van-

ous runs of all species and would include effects of environmental

changes on fish stocks. Models which can incorporate stochastic

variations in in-migrations would also be important.

3. Since salmonids are migratory fish, information on the
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geographic range and densities of migrations and the geographic dis-

persion of catch from migrations could help to identify the beneficiar-

ies of hatchery propagation programs in Oregon. It might be that the

taxpayers of Oregon and the United States are subsidizing the fisher-

ies of their neighbors to a large extent. Due to the mobility of salmon-

id resources and harvesting resources on the open ocean, there ex-

ists no guarantee that salmonids will be harvested by Oregonians or

by residents of the United States. The catch taken by others repre.-

sents a subsidy to them.

4. If limited harvesting efficiency is the cause of excessive

escapement from commercial salmonid fisheries, due consideration

could be given to whether limited harvesting efficiency is necessary,

in the face of uncertainty, to protect the reproductive capacity of

salmonid resources or to protect the sport fishery. Since sport

fishermen can exert political pressure on the formulation of regu.-

latory policies, the costs of excessive escapement and an excessive

allocation of harvesting resources might be due to this pressure.

If so, whether economic efficiency will be improved in commercial

salmonid fisheries will be a political decision. Political pressure

has been successful in eliminating all but an incidental catch of

steeihead by commercial fishermen by declaring the species to

otherwise be a game fish, only. If pressure from sportsmen has

a significant influence on formulation of regulatory policy, research
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designed to develop methodology which will permit the value of the

sport fishery to be compared with the value of the commercial fishery

is needed, if misallocations of salmonid resources between the two

uses is to be avoided.

From the preceding discussion it can be seen that technical and

biological relationships which underlie hatchery production and com-

mercial harvest of salmonid resources are crucial to the conduct of

economic analysis. Without reliable information on technical and

biological relationships, practical applications of economic analysis

are limited. It is also important to note that knowledge of technical

and biological relationships on the part of engineers and biologists is

not a sufficient condition for permitting meaningful economic analysis

of that information; it must be available in a form which will permit

applications of economic logic.

This study was conducted within a given institutional frame-

work, and institutional objectives of the Commission were taken to

be given. Therefore, the ends envisioned by the Commission for

the production processes have not been altered, Improvements in

economic efficiency have been shown not to be in conflict with those

ends. Scrutiny of the means by which the ends are attained, however,

has indicated that the means which are presently being used to attain
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the ends can be costly to individuals and to society as a whole, when

the costs of opportunity incomes which are foregone to attain those

ends are considered

Solutions to the fundamental problems associated with the ubiqui-

tous existence of excessive harvesting resources in common-property

fisheries would probably have a higher social payoff than increasing

economic efficiency of hatchery operations, In the absence of solu-

tions to the more fundamental problems, however, reducing the cost

of producing a given level of hatchery output can increase economic

efficiency to some extent and provide some payoff to society.
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FOOTNOTES FOR TABLE 2A.

FISH COMMISSION OF OREGON
April 23, 1970

1
Fifty males and 250 females were transferred to Nehalem from Trask. They are shown as sold at Nehalem and are included in Trask's total,

2
Five hundred and fifty three females were transferred to Kiaskanine from Big Creek, 506 sold, 47 buried, Five hundred and forty females were
transferred to Cascade, 526 sold, 14 buried. They are not included in the Klaskanine or Cascade total but are included in Big Creek's total.

One hundred and fifty males and 158 females were transferred to McKenzie from Willamette, and 198 males and 203 females to South Santiam.
They are not included in the McKenzie and South Santiam total but are included in Willarnette's total.

4
To Indians.



Table 3A. Number of Eggs Taken at Fish Commission Hatcheries*
Hatchery Spring Chinook Fall Chinook Coho Steelhead Chum Total

uly 1, 1967-June 30, 1968
Alsea 4, 230, 132
Tenmile Lakes 352, 943
Big Creek 4, 994, 767 2, 702, 212
Bonneville 19, 480, 204 5, 776, 045
Cascade 8, 516, 966 8, 537, 730
Kiaskanine 4, 178, 000
Marion Forks 4, 529, 444
McKenzie
Nehalem 1, 356, 600
Ox Bow 11, 794, 699
Sandy 3, 688, 586
Siletz 1, 769, 095
South Santiam
Trask 172, 006 1, 802, 837 3, 390, 680
Willamette 7, 344, 579

4, 230, 132
352, 943

163, 618 887, 936 8,748, 533
25, 256, 249
17, 054, 696
4, 178, 000

204, 278 4, 733, 722
-0--

1, 356, 600
11,794, 699
3, 688, 586
1, 769, 095

-0-
5, 365, 523

57, 231 7, 401, 810

Total 12, 046,029 46, 589,473 35, 982, 023 163, 618 1, 149, 445 95, 930, 588
July 1, 1968-June 30, 1969

Alsea 4,710,969 4,710,969
Big Creek 6, 701, 812 2, 595, 349 716, 691 93, 307 10, 107, 15
Bonneville 10,755, 616 6,811,028 17, 566, 644
Cascade 4, 955, 000 8, 785, 894 13, 740, 894
Elk River 819, 979 20, 078 840, 057
Kiaskanine 1, 384, 000 4, 863, 000 6, 247, 000
Marion Forks 4,936, 716 305, 635 5, 242, 351
N. Nehalem 1, 638, 842 1, 638, 842
OxBow 1,194,752 122,869 1,317,621
Sandy 109, 150 4, 909, 800 5, 018, 950
Siletz 363,767 363,767
Trask 75, 018 960, 244 2, 073, 737 3, 108, 999
Willamette 5 061, 692 5, 061692

Total 10 07 426 26, 880, 553 36, 895, 333 1, 022, 326 93,97 74, 964, 945
*Courtesy of the Fish Commission of Oregon



Table 4A. Partial correlation coefficients obtained for log-linear models.

Equation x

xl

log- linear
B .O
0

a3

9

a

log- linear a2
B <0
0 x3

9

1.000

a2

.999

1 000

-.078

1.000

x
3

998

999

1.000

-.372

467

1.000

999

.998

.998

1.000

.971

-. 108

-. 268

1.000

(j.)

-4



Table 5A. Partial correlation coefficients obtained for linear models.

Equation x2 9

1.000 .867 .845 .993
linear x 1.000 .987 .864

x3 1.000 .853

9 1.000

x 1.000 -.095 -.388 .967
linear
B <0 x 1.000 .539 -.152o 2

x3 1.000 -.297
9 1.000
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Table 6A. Data on output, food fed, and cumulative temperature units (CTU's

Hatchery Output
(lbs.)

Food Fed
(lbs.)

CTU's
May-
October

CTU's
November-

April

Alsea 121,782 227,964 4185 2381

Big Creek 186,503 285,941 3771 2291

Bonneville 192, 719 400, 643 3434 1809

Cascade 200, 153 363, 520 4109 1716

Elk River 58,007 101,892 4813 2923

Klaskinine 162,977 273, 891 4384 2352

Marion Forks 132, 548 255, 564 3006 1307

McKenzie 59,095 101,814 3986 2109

North Nehalem 152, 841 293, 787 4325 2325

OxBow 154,185 193,160 2392 2353

Sandy 102,984 174,312 4324 2109

Siletz 46, 280 90, 422 4721 2564

South Santiam 34, 381 86, 841 2976 1935

Trask 70, 484 130, 544 3649 2261

Willamette 282, 282 503, 185 3803 2113

TOTALS 1,957, 221 3,483,480 57, 878 32, 548

MEANS 130,481.4 232,232.0 3,858.5 2169.9
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Table 7A. Pounds of output by species for each major hatchery operated by the Commission.
(October 1, 1968 through April 30, 1970)

Hatchery Coho F. Chinook S. Chinook Chum Steelhead

Alsea 121, 782

Big Creek 76, 288 100, 824

Bonneville 121, 395 71, 324

Cascade 149, 765 50, 388

Elk River 21, 578 36, 361

Kiaskinine 118, 874 38, 807

Marion Forks

McKenzie

North Nehalem 124, 147 24, 116

Ox Bow 52 154, 133

Sandy 96, 644 6, 340

Siletz 45, 680 600

South Santiam

Trask 53, 164 8, 445

Willamette

119,468

59, 095

23, 040

8, 875

282, 282

245 9, 146

68

5, 296

13, 080

4, 578

11, 341

TOTALS 929,369 491,338 492,760 245 43,509
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Table 8A. Data on fixed facilities and operating expenditures, excluding expenditures for food.

Hatchery Operating
Expenditures ($)

Fixed
Facilities ($)

Alsea 62, 602. 87 335, 942. 19

Big Creek 84, 238. 29 600, 264. 64

Bonneville 122, 113.72 779, 817.80

Cascade 79,502.67 860,521.45

Elk River 58, 578.45 447, 198. 19

Kiaskanine 78, 983. 30 677, 177. 10

Marion Forks 79, 689.76 716, 227. 82

McKenzie 46, 640. 74 78, 851. 64

North Nehalem 66, 104.40 544, 257.43

Ox Bow 64, 293.93 442, 765. 56

Sandy 105, 973. 58 497, 049. 85

Siletz 60,377.92 91,536.96

South Santiam 46, 841.85 530, 126.90

Trask 66, 797.55 210, 015.45

Willamette 163, 011. 68 660, 540. 61

TOTALS 1, 185, 750.71 7, 472, 293. 59

MEANS 79, 050.05 498, 152.91




